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Dydqw gh suìvhqwhu oh wudydlo dffrpsol gxudqw fhv txdwuh dqqìhv gh uhfkhufkh/
mh vrxkdlwh uhphuflhu gh qrpeuhxvhv shuvrqqhv txl p*rqw shuplv gh phqhu ã
elhq fh surmhw gh wkëvh/ sdu ohxu h{shuwlvh/ ohxu glvsrqlelolwì hw ohxu vrxwlhq1
Mh wlhqv hq suhplhu olhx ã uhphuflhu fkdohxuhxvhphqw phv ghx{ surprwhxuv/
Eduw Frfn{ hw Euxqr Ydq ghu Olqghq1 Sdu od shuwlqhqfh gh ohxuv uhfkhufkhv/
lov rqw vxvflwì prq lqwìuíw srxu o*ìfrqrplh gx wudydlo hw soxv vsìfltxhphqw
srxu od sureoìpdwltxh gx fk÷pdjh hq Ehojltxh1 F*hvw dydqw wrxw dyhf Eduw
txh m*dl phqì pd uhfkhufkh grfwrudoh/ qrxv frqgxlvdqw ã fr0ìfuluh ohv ghx{lëph
hw txdwulëph fkdslwuhv gh pd wkëvh1 Juåfh ã vrq vxlyl/ vrq h{shuwlvh hw od
frqdqfh tx*lo p*d dffrugìh/ m*dl sx dffrpsolu xq wudydlo uljrxuhx{ hw ulfkh
g*hqvhljqhphqwv1 Lo p*d ìjdohphqw lpsoltxìh gdqv o*rujdqlvdwlrq g*xq dwholhu
hw g*xq vìplqdluh hq ìfrqrplh gx wudydlo1 Fhwwh h{sìulhqfh p*d grqqì o*rffdvlrq
gh wudqvphwwuh dx{ ìwxgldqwv ghv qrwlrqv txl vrqw dx fhqwuh gh pd uhfkhufkh
grfwrudoh1 Plmq kduwholmnh gdqn$ Fkh} Euxqr/ m*dl wrxmrxuv sx wurxyhu ghv
frqvhlov suìflhx{/ shuphwwdqw g*hqulfklu phv lgìhv1 Mh oh uhphuflh ìjdohphqw
srxu vhv ohfwxuhv hw vrq ìfrxwh dwwhqwlyhv1 Wrxv ohv ghx{ p*rqw grqqì o*hqylh
gh srxuvxlyuh phv uhfkhufkhv gdqv fh grpdlqh1
Mh yrxgudlv hqvxlwh uhphuflhu Khqul Vqhhvvhqv/ Jhudug ydq ghq Ehuj hw Pduf
Jxujdqg txl rqw ìjdohphqw vxlyl phv wudydx{1 V*lqwìuhvvdqw dx píph w|sh gh
sureoìpdwltxh/ pdlv sduwdqw g*xqh dssurfkh soxv pdfurìfrqrpltxh/ Khqul p*d
grqqì ghv ìfodludjhv glìuhqwv hw sduwlfxolëuhphqw xwlohv1 Fhx{0fl uhvwhurqw hq0
fruh wuëv shuwlqhqwv gdqv oh fdguh gh od frooderudwlrq txh qrxv dyrqv uìfhpphqw
hqwdpìh1 Wlmghqv plmq yhueolmi ddq khw Wlqehujhq Lqvwlwxxw ydq Dpvwhugdp
khe ln elm}rqghu yhho nxqqhq ohuhq ydq gh h{shuwlvh ydq Jhudug phw ehwuhnnlqj
wrw hfrqrphwulvfkh prghoohq/ glh lq glw surhivfkuliw }lmq wrhjhsdvw1 ]lmq ddq0
prhgljlqjhq }lmq yrru plm khho ehodqjulmn jhzhhvw hq ln zlo khp gddu kduwholmn
yrru ehgdqnhq1 Sduwdjhdqw ohv píphv lqwìuíwv gh uhfkhufkh/ Pduf p*d dlgìh
sdu ohv qrpeuhxvhv uhpdutxhv tx*lo d irupxoìhv/ vxuwrxw ã sursrv gx txdwulëph
fkdslwuh gh od wkëvh1 Mh ph uìmrxlv ã o*dydqfh gh od frooderudwlrq txh qrxv
hqylvdjhrqv1
Phufl ìjdohphqw ã \yhv Vdnv srxu vd frooderudwlrq ã od uìgdfwlrq gx wurlvlëph
fkdslwuh gh od wkëvh1 Vd fodluyr|dqfh hw vhv vxjjhvwlrqv fulwltxhv rqw ìwì xwlohv
gdqv od uìdolvdwlrq gh fh wudydlo1 Gdqn}lm gh frqihuhqwlhv/ zdduddq ln khe
ghhojhqrphq/ khe ln Edv ydq ghu Noddxz rqwprhw/ glh plm yhho rserxzhqgh
nulwlhn khhiw jhjhyhq1 Gdqn$ Mh yhoh jrhgh dgylh}hq phw ehwuhnnlqj wrw gh
hfrqrphwulh zhjhq uxlpvfkrrwv rs whjhq mh yhuolhv elm gh *erwwrpv xs*1 Gh yhoh
glvfxvvlhv glh ln khe jhkdg phw Slhwhu Jdxwlhu kheehq qlhw doohhq elmjhgudjhq
ddq hhq }hhu ddqjhqddp yhueolmi ddq khw Wlqehujhq Lqvwlwxxw/ pddu kheehq
whjholmnhuwlmg plmq rqghu}rhn jhvwlpxohhug1 Rrn ddq khp kduwholmn gdqn$ll
Mh uhphuflh ylyhphqw oh Irqgv Qdwlrqdo gh od Uhfkhufkh Vflhqwltxh +IQUV,
dlqvl txh oh S÷oh g*Dwwudfwlrq lqwhuxqlyhuvlwdluh +SDL, srxu dyrlu vrxwhqx prq
surmhw gh uhfkhufkh1
Od uìgdfwlrq gh fhwwh wkëvh p*d dxvvl shuplv gh frqwulexhu dx{ ìwxghv gx Vhu0
ylfh g*dqdo|vh ìfrqrpltxh gh o*LUHV1 Mh uhphuflh wrxw sduwlfxolëuhphqw Ylqfhqw
Ergduw srxu p*dyrlu grqqì o*rffdvlrq gh suhqguh hq pdlq ohv grvvlhuv hpsorl0
fk÷pdjh1 Phufl dxvvl ã Rolylhu Orkhvw srxu vhv qrpeuhx{ frqvhlov1 Fhv grvvlhuv
q*dxudlhqw sx íwuh wudlwìv vdqv o*dlgh suìflhxvh gh Dqqh Gdylvwhu hw Fìfloh Pr0
gdyh/ hw qrv uìxqlrqv q*dxudlhqw sdv hx od píph vdyhxu vdqv od suìvhqfh gh
Khohqd/ Vrsklh/ Dodlq hw Jx| Ohjurv1 Dx vhlq gx Gìsduwhphqw/ m*dl ìjdohphqw
sx sduwlflshu ã o*rujdqlvdwlrq gx vìplqdluh gh o*LUHV hw gx zrunvkrs ghv grf0
wrudqwv1 Gdqv fh fdguh/ m*dl ehdxfrxs dssuìflì gh frooderuhu dyhf Lvdehooh0F/
Udrxi/ Ehuqdghwwh/ Khohqd/ Pdolnd hw Lqjulg/ vdqv rxeolhu Urvhood txl frqwlqxh
ã qrxv grqqhu xqh dlgh wuëv suìflhxvh píph ã glvwdqfh1
F*hvw gdqv o*h{fhoohqwh dpeldqfh gh o*D{h 7 txh m*dl uìdolvì fhwwh wkëvh1 Phufl
dx Jluov Edqg *Dqqd/ Eìdwulfh/ Fdulqh/ Iudqfhvfd/ Lvdehooh0E1/ Lvdehooh0G/ Odx0
uhqfh/ Pduhyd/ Pdulh0Ghqlvh/ Sdwulfld/ Vrsklh* hw dx Er|v Edqg *Euxqr0J/
Fkulvwldq/ Mhdq/ Pdwkldv hw Ylqfhqw0YGE*/ vdqv rxeolhu Pdolnd/ Fkld Olq hw
Sklolssh0P/ srxu p*dyrlu hqwrxuìh/ gìwhqgxh hw hqfrxudjìh$ Phufl dxvvl ã
Pdu|yrqqh srxu vd suìvhqfh hw vrq vrxwlhq dlqvl tx*ã Iudqflqh hw ã Sdxo1 Phufl
hqfruh ã Pduwkh Q|vvhqv hw Iudqêrlv Pduwrx txl rqw ìjdohphqw sruwì xq lqwìuíw
srxu pd uhfkhufkh1 Hqq/ od plvh hq sdjh gh fhwwh wkëvh qh vhudlw sdv fh tx*hooh
hvw vdqv o*dlgh g*Dqqd1
Dx Gìsduwhphqw/ gh qrpeuhxvhv shuvrqqhv rqw ìjdohphqw frqwulexì ã djuì0
phqwhu prq fdguh gh ylh1 Mh uhphuflh hq sduwlfxolhu Iudqêrlvh Zdjqhu hw
Iudqêrlvh Fdqdug/ prq +ghx{lëph111, ghvvlqdwhxu idyrul/ Mhdq0Slhuuh/ Sdvfdo
o*h{shuw lqirupdwlfr0edgplqwrqlhq/ Ehuqdug Pdvx|/ prq h{shuw0VDV/ vdqv rx0
eolhu oh vrxwlhq gh Ehuqdghwwh/ Dqqh0Pdulh/ Grplqltxh hw Vrodqjh/ dlqvl txh
o*dlgh suìflhxvh gh Idwl srxu od uìfrowh gh grqqìhv1
Hqq/ mh wlhqv ã uhphuflhu pd idplooh hw phv dplv vxu txl m*dl wrxmrxuv sx
frpswhu gdqv ohv prphqwv gh uìmrxlvvdqfh frpph gdqv ohv prphqwv soxv gli0
flohv1 Mh shqvh hq sduwlfxolhu ã phv sduhqwv/ Fìolqh/ Dqqh/ Mhdq0Iudqêrlv0
U/ Iuìgìulf/ Ndwkohhq0F/ Ndwkohhq0Q/ Wklhuu|/ Dolfh/ Ylqfldqh/ Qdgld/ V|oylh/
Mhdq0Iudqêrlv0]/ Gdplhq/ Sdvfdo hw Pdwklogh/ vdqv rxeolhu prq dplh kroodqgdlvh
Mrdqqh txl d vxlyl gh suëv hw dyhf ehdxfrxs g*lqwìuíw prq sdufrxuv1 Mh qh whu0
plqhudl sdv vdqv uhphuflhu prq ghvvlqdwhxu idyrul/ Ylqfhqw/ txl ixw hq suhplëuh
oljqh srxu ph vrxwhqlu hw p*hqfrxudjhu gdqv fh ydvwh surmhw$lll
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61; Kd}dug prgho hvwlpdwhv 0 Pl{hg Qrq0Sursruwlrqdo Kd}0
d u gP r g h o0I o d q g h u v1111111111111111111114 7 5
61< Kd}dug prgho hvwlpdwhv 0 Pl{hg Qrq0Sursruwlrqdo Kd}0
d u gP r g h o0Z d o o r q l d1111111111111111111114 7 8
714 Dyhudjh hpslulfdo rxw rz suredelolw| lq wkh uvw gxudwlrq
l q w h u y d oe |o h y h or ih g x f d w l r q 11111111111111114 9 7
715 Dyhudjh hvwlpdwhg ydoxh ri wkh mre frpshwlwlrq dqg yd0
f d q f |s d u d p h w h u v111111111111111111111114 : 9
716 Hyroxwlrq ri vdodulhg hpsor|phqw/ e| vhfwru dqg vxe0
shulrgv/ lq ( ri wkh lqlwldo uhjlrqdo hpsor|phqw 1 1 1 1 1 1 4:<
717 Dyhudjh hvwlpdwhg ydoxh ri wkh mre frpshwlwlrq dqg wljkw0
q h v vs d u d p h w h u v1111111111111111111111114 ; 9{
718 Dyhudjh hvwlpdwhg ydoxh ri wkh wljkwqhvv sdudphwhuv lq d
p r g h oz l w k r x wm r ef r p s h w l w l r q 1111111111111114 ; :
719 Dyhudjh hvwlpdwhg ydoxh ri wkh mre frpshwlwlrq sdudph0
w h u vl qdp r g h oz l w k r x wv n l o op l v p d w f k111111111114 ; ;
71: Kd}dug prgho +7159, hvwlpdwhv dqg vshflfdwlrq whvwv 1 1 1 533
71; Ehqfkpdun prgho hvwlpdwhv +Prgho +7159, zlwk ;l 5i 4>5>6j =
y￿? @3 > .  @4 > @3 , dqg vshflfdwlrq whvwv rq wkh
m r ef r p s h w l w l r qs d u d p h w h u v 111111111111111115 3 5
71< Ehqfkpdun prgho hvwlpdwhv +Prgho +7159, zlwk ;l 5i 4>5>6j =
y￿? @3 > .  @4 > @3 , dqg vshflfdwlrq whvwv rq wkh
y d f d q f |s d u d p h w h u v 11111111111111111111115 3 7
7143 Ehqfkpdun prgho hvwlpdwhv dqg hvwlpdwhv iru |rxqj shr0
s o hr q o | 11111111111111111111111111115 3 9
7144 Ehqfkpdun prgho hvwlpdwhv zlwk ydfdqf| sdudphwhuv dqg
z l w kw l j k w q h v vs d u d p h w h u v1111111111111111115 3 ;
7145 Ehqfkpdun prgho hvwlpdwhv zlwk wljkwqhvv sdudphwhuv
d q gv s h f l  f d w l r qw h v w vr qw k hw l j k w q h v vs d u d p h w h u v 11115 4 3
7146 Ehqfkpdun prgho hvwlpdwhv zlwk wljkwqhvv sdudphwhuv
dqg vshflfdwlrq whvwv rq wkh mre frpshwlwlrq sdudphwhuv 5454
Fkdswhu 4
Jhqhudo Lqwurgxfwlrq
Ilqglqj dq h{sodqdwlrq iru wkh ulvh dqg shuvlvwhqfh ri Hxurshdq xq0
hpsor|phqw kdv ehhq rqh ri wkh pdlq uhvhdufk surjudpphv ri oderxu
hfrqrplvwv gxulqj wkh odvw ghfdgh1 Lq wklv grfwrudo wkhvlv/ zh frqwulexwh
wr wklv olwhudwxuh e| txhvwlrqlqj wkh fdxvhv ri xqhpsor|phqw shuvlvwhqfh
lq Ehojlxp/ pruh vshflfdoo| lq Zdoorqld/ wkh Iuhqfk vshdnlqj uhjlrq lq
wkh Vrxwk41 Wr wkdw sxusrvh/ zh frqgxfw dq lq0ghswk hfrqrphwulf dqdo|0
vlv ri wkh  rzv rxw ri xqhpsor|phqw lq wklv frxqwu|1 Wkh fdvh ri Ehojlxp
lv sduwlfxoduo| lqwhuhvwlqj/ vlqfh lwv vkduh ri orqj0whup xqhpsor|phqw lv
rqh ri wkh kljkhvw lq Hxursh1 E| uhqlqj wkh fdxvhv ri xqhpsor|phqw
shuvlvwhqfh lq Ehojlxp/ rxu grfwrudo uhvhdufk pd| dovr frqwulexwh wr wkh
ghvljq ri pruh hhfwlyh oderxu pdunhw srolflhv1
Wkh rxwolqh ri wklv lqwurgxfwlrq lv dv iroorzv1 Zh uvw suhvhqw vrph
vw|olvhg idfwv derxw xqhpsor|phqw lq Ehojlxp dqg lq lwv uhjlrqv51Z h
wkhq jlyh wkuhh srvvleoh h{sodqdwlrqv ri xqhpsor|phqw shuvlvwhqfh dqg
wkh h{lvwlqj hylghqfh iru Ehojlxp1 Ilqdoo|/ zh suhvhqw lq ghwdlov wkh
prwlydwlrqv dqg wkh frqwhqw ri rxu grfwrudo uhvhdufk1 Lq sduwlfxodu/ zh
vkrz krz lw pd| lpsuryh erwk wkh gldjqrvlv ri xqhpsor|phqw shuvlv0
w h q f hd q gw k hg h v l j qr id f w l y ho d e r x up d u n h ws r o l f l h vl qE h o j l x p 1
￿Ehojlxp lv glylghg lqwr wkuhh uhjlrqv= Zdoorqld/ Iodqghuv dqg Euxvvhov1
2Zh rqo| irfxv rq wkh wzr pdlq uhjlrqv ri Ehojlxp/ Iodqghuv dqg Zdoorqld15 Lqwurgxfwlrq
414 Vw|olvhg idfwv
Wr ghvfuleh wkh sdwwhuq ri xqhpsor|phqw lq Ehojlxp/ zh irfxv rq dg0
plqlvwudwlyh gdwd/ zklfk duh dovr xvhg lq rxu hpslulfdo dqdo|vlv1 Lq wkhvh
gdwd/ zrunhuv duh ghqhg wr eh xqhpsor|hg li wkh| duh r!fldoo| uhjlv0
whuhg dv ixoo0wlph xqhpsor|hg/ duh hqwlwohg wr xqhpsor|phqw ehqhwv
dqg duh dfwlyho| orrnlqj iru d mre1 Wklv ghqlwlrq ri xqhpsor|phqw lv
olnho| wr jlyh d idlu ylhz ri xqhpsor|phqw lq Ehojlxp vlqfh wkh shulrg ri
hqwlwohphqw wr ehqhwv lv lq sulqflsoh lqghqlwh61 Krzhyhu/ wkh ehqhwv




































































Iljxuh 414= Xqhpsor|phqw udwh lq Ehojlxp/ Iodqghuv dqg Zdoorqld
Wkh xqhpsor|phqw udwh8 l q f u h d v h gv w h d g l o |l qE h o j l x pd i w h uw k h u v w
dqg wkh vhfrqg rlo sulfh vkrfnv= Iurp 6( lq 4<:6 wr 4<( lq 4<;61
Wklv hyroxwlrq lv looxvwudwhg lq Iljxuh 4141 Zlwk wkh hfrqrplf uhfry0
hu| ri wkh plg hljkwlhv/ wkh xqhpsor|phqw udwh ghfuhdvhg wr d ohyho ri
￿Rqh h{fhswlrq wr wklv uxoh frqfhuqv wkh frkdelwdqwv/ h1j1 olylqj zlwk d zrunlqj
sduwqhu ru zlwk wkhlu sduhqwv1 Wkh| fdq orrvh hqwlwohphqwv rq jurxqgv ri ch{fhvvlyh*
xqhpsor|phqw gxudwlrq1
eJudgxdwhg vwxghqwv zkr qhyhu zrunhg fdq dovr eh holjleoh diwhu vrph zdlwlqj
shulrg1
DWkh xqhpsor|phqw udwh lv wkh udwlr ehwzhhq wkh ixoo0wlph uhjlvwhuhg xqhpsor|hg
shrsoh/ hqwlwohg wr xqhpsor|phqw ehqhwv dqg dfwlyho| orrnlqj iru d mre/ dqg wkh
srsxodwlrq lqvxuhg djdlqvw xqhpsor|phqw1Lqwurgxfwlrq 6
45(/ zklfk vwloo olhg idu deryh wkh ohyho uhdfkhg lq 4<:61 Iurp 4<<3/
wkh hfrqrplf grzqwxuq sxvkhg wkh xqhpsor|phqw udwh xs djdlq1 Wklv
hyroxwlrq pdvnv dq lpsruwdqw glvsdulw| ehwzhhq wkh wzr pdlq uhjlrqv
ri Ehojlxp= Iodqghuv dqg Zdoorqld1 Xs wr 4<;6/ wkh wzr uhjlrqv kdg
urxjko| wkh vdph shuirupdqfh lq whupv ri xqhpsor|phqw/ zruvh wkdq lq
rxu erughulqj frxqwulhv +Jhupdq|/ Iudqfh dqg wkh Qhwkhuodqgv,1 Iurp
4<;6/ d glyhujlqj hyroxwlrq vhhpv wr vkrz xs= Wkh xqhpsor|phqw udwh
ghfuhdvhg pdunhgo| lq Iodqghuv/ zkloh xqhpsor|phqw uhpdlqhg dw d kljk
ohyho lq Zdoorqld1 Lq 5333/ wkh xqhpsor|phqw udwh zdv 53( lq Zdoorqld
dqg 9( lq Iodqghuv91 Dffruglqj wr Elqrq hw do1 +4<<;,/ wkh glyhujlqj
hyroxwlrq lq wkh xqhpsor|phqw udwh dfurvv Ehojldq uhjlrqv fdqqrw eh




























































Iljxuh 415= Lqflghqfh ri orqj0whup xqhpsor|phqw lq Ehojlxp
Wkh ulvh lq wkh ohyho ri xqhpsor|phqw fdph zlwk dq lqfuhdvh lq wkh
lqflghqfh ri orqj0whup xqhpsor|phqw +sursruwlrq ri wkh xqhpsor|hg
zrunhuv zkr kdyh ehhq xqhpsor|hg pruh wkdq rqh |hdu,/ dv ghslfwhg
lq Iljxuh 4151 Gxulqj wkh 4<;604<<9 shulrg wklv vkduh kdv shdnhg wr d
ohyho ri 9;( lq 4<;9 dqg kdv rqo| ehhq voljkwo| ehorz 93( gxulqj wkh
SWkh vl}h ri wkh jds ehwzhhq Iodqghuv dqg Zdoorqld lv vhqvlwlyh wr wkh ghqlwlrq ri
xqhpsor|phqw +vhh Elqrq hw do1 4<<;,1 Li rqh lqfoxghv rwkhu fdwhjrulhv ri xqhpsor|hg
zrunhuv/ olnh wkh rog lqvxuhg xqhpsor|hg shrsoh zkr duh qr pruh orrnlqj iru d mre/
wkh glhuhqfh ehwzhhq wkh xqhpsor|phqw udwhv lq wkh wzr pdlq uhjlrqv ri Ehojlxp
uhgxfhv/ exw uhpdlqv dw d uhodwlyho| kljk ohyho wkrxjk17 Lqwurgxfwlrq
4<<404<<6 uhfhvvlrq1 Wkhvh jxuhv duh vrphzkdw kljkhu lq Zdoorqld1
Dffruglqj wr vxuyh| gdwd/ wkh lqflghqfh ri orqj0whup xqhpsor|phqw lq
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Iljxuh 416= Xqhpsor|phqw udwh e| ohyho ri hgxfdwlrq lq Ehojlxp
Wkh ulvlqj xqhpsor|phqw zdv qrw hyhqo| vsuhdg dfurvv doo jurxsv ri
xqhpsor|hg1 Wkh ulvn ri xqhpsor|phqw lqfuhdvhg pruh pdunhgo| iru
wkh orzhvw vnloohg zrunhuv1 Iljxuh 416 ghslfwv wkh xqhpsor|phqw udwh e|
ohyho ri hgxfdwlrqdo dwwdlqphqw lq 4<::/ 4<;4 dqg 4<<9;1J l y h qw k ho d f n
ri pruh dffxudwh gdwd/ wkh vnloo ohyho lv phdvxuhg e| wkh hgxfdwlrqdo gh0
juhh1 Iurp wkh odwh vhyhqwlhv/ xqhpsor|phqw lqfuhdvhg iru doo vfkrrolqj
jurxsv/ exw dw txlwh glhuhqw udwhv1 Lq 4<<9/ wkh xqhpsor|phqw udwh
ri wkh ohvv hgxfdwhg zrunhuv +zlwk dw prvw d orzhu vhfrqgdu| ghjuhh<,
lqfuhdvhg e| d idfwru ri 5=9 dv frpsduhg wr lwv ohyho lq 4<:: zkloh wklv
idfwru rqo| dprxqwv wr 4=7 iru zrunhuv zkr frpsohwhg kljkhu hgxfdwlrq1
Wkh Ehojldq udwlr ehwzhhq wkh xqhpsor|phqw udwh ri wkhvh wzr vfkrro0
.Ehojlxp frphv lq wklug/ diwhu Luhodqg dqg Lwdo|1
HLq Ehojlxp/ wkhuh lv qrw wlph0vhulhv rq wkh zrunlqj srsxodwlrq e| ohyho ri hgx0
fdwlrqdo dwwdlqphqw1 Wklv lqirupdwlrq lv dydlodeoh rq dq dqqxdo edvlv lq wkh oderxu
irufh vxuyh|v vlqfh 4<;< rqo|1 Lq Iljxuhv 416/ 417 dqg 418/ xqhpsor|phqw udwhv e|
vfkrrolqj ohyho duh fdofxodwhg rq wkh edvlv ri d vrflr0hfrqrplf vxuyh| lq 4<:: dqg wkh
srsxodwlrq fhqvxv lq 4<;41
bD orzhu +uhvs1 xsshu, vhfrqgdu| ghjuhh fruuhvsrqgv wr < +uhvs1 45, |hduv ri
hgxfdwlrq1Lqwurgxfwlrq 8
lqj jurxsv zdv/ lq 4<<8/ rqh ri wkh odujhvw dprqj 48 RHFG frxqwulhv43
+vhh RHFG 4<<:d,1
Lw vkrxog krzhyhu eh qrwhg wkdw wkh ulvlqj glvsdulwlhv lq wkh xqhpsor|0
phqw udwh e| ohyho ri hgxfdwlrq lv pruh d ihdwxuh ri wkh Zdoorrq oderxu
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1981 1996
Iljxuh 418= Xqhpsor|phqw udwh e| ohyho ri hgxfdwlrq lq Zdoorqld
￿fEhojlxp frphv lq irxuwk/ diwhu wkh Xqlwhg Vwdwhv/ Luhodqg dqg Ox{hpexuj19 Lqwurgxfwlrq
Iljxuh 419 dovr lqglfdwhv wkdw wkh uhodwlyh ulvh lq wkh xqhpsor|phqw
udwh ri wkh orzhvw hgxfdwhg zrunhuv wrrn sodfh ghvslwh d jurzlqj vkduh
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Primary Lower secondary Upper secondary Higher education
Iljxuh 419= Oderxu irufh e| ohyho ri hgxfdwlrq lq Ehojlxp
Wkh uhylhzhg hyroxwlrqv frqfhuq erwk pdoh dqg ihpdoh xqhpsor|phqw1
Qhyhuwkhohvv/ zh rqo| irfxv rq pdoh zrunhuv lq rxu grfwrudo uhvhdufk1
Wkh pdlq uhdvrq iru wklv fkrlfh lv wkdw rxu gdwd vhwv gr qrw doorz xv wr
glvwlqjxlvk ehwzhhq xqhpsor|phqw vshoov hqglqj lq hpsor|phqw/ sdu0
wlflsdwlrq lq oderxu pdunhw surjudpphv ru zlwkgudzdo iurp wkh oderxu
irufh1 Wklv lv qrw olnho| wr eldv rxu uhvxowv jlyhq wkdw hpsor|phqw lv wkh
prvw iuhtxhqw vwdwh ri h{lw iru wkh pdoh xqhpsor|hg zrunhuv= Derxw ::(
ri wkhp ohdyh iru hpsor|phqw/ djdlqvw 7:( iru wkh zrphq +vhh IRUHP
4<<8,1 Dowkrxjk wkh pdoh xqhpsor|phqw udwh lv orzhu wkdq wkh ihpdoh
rqh/ lwv hyroxwlrq lv vlplodu wr zkdw wkh djjuhjdwh vwdwlvwlfv vxjjhvw +vhh
Elqrq hw do1 4<<;,1 Lq sduwlfxodu/ wkh jds ehwzhhq wkh xqhpsor|phqw
udwhv lq Iodqghuv dqg Zdoorqld lv wkh odujhvw iru wkh pdoh zrunhuv1
￿￿Wklv lqirupdwlrq frphv iurp wkh oderxu irufh vxuyh|v vlqfh 4<;</ iurp d vrflr0
hfrqrplf vxuyh| lq 4<:: dqg iurp wkh srsxodwlrq fhqvxv lq 4<;41Lqwurgxfwlrq :
415 Srvvleoh gldjqrvlv dqg hylghqfh iru Ehojlxp
Lq wkh suhylrxv vhfwlrq/ zh ghvfulehg wkh pdlq sdwwhuq ri xqhpsor|0
phqw lq Ehojlxp1 Wklv frxqwu| lv fkdudfwhulvhg e| d kljk ghjuhh ri
xqhpsor|phqw shuvlvwhqfh dqg d yhu| odujh vkduh ri orqj0whup xqhp0
sor|phqw/ pruh sduwlfxoduo| lq Zdoorqld1 Pruhryhu/ wkhuh lv d kljk lq0
flghqfh ri xqhpsor|phqw dprqj wkh ohvv hgxfdwhg zrunhuv/ zklfk lv
dovr d ihdwxuh ri wkh Zdoorrq oderxu pdunhw1 Ehorz/ zh uhylhz wkuhh
srvvleoh h{sodqdwlrqv ri xqhpsor|phqw shuvlvwhqfh dqg wkh h{lvwlqj hp0
slulfdo hylghqfh iru Ehojlxp1 Wkhvh h{sodqdwlrqv gr qrw h{kdxvw wkh olvw
ri srvvleoh fdxvhv ri xqhpsor|phqw shuvlvwhqfh lq wklv frxqwu|1 Zh rqo|
uhylhz wkh pdlq h{sodqdwlrqv zklfk fdq eh frpsdwleoh zlwk wkh sdwwhuq
ri xqhpsor|phqw lq Ehojlxp1 Wkh irfxv lv dovr rq wkh h{sodqdwlrqv
zklfk fdq eh vxssruwhg e| wkh qglqjv ri rxu grfwrudo wkhvlv1
Wkh uvw h{sodqdwlrq dwwulexwhv wkh shuvlvwhqfh ri xqhpsor|phqw wr wkh
h{lvwhqfh ri glvhpsor|delolw| hhfwv/ zkhuhe| surorqjhg xqhpsor|phqw
lqgxfhv d surfhvv ri vnloo ghwhulrudwlrq/ ghprwlydwlrq dqg kdelwxdwlrq
+vhh h1j1 Od|dug hw do1 4<<4,1 Dffruglqj wr wklv ylhz/ wkh vxffhvvlrq ri
qhjdwlyh hfrqrplf vkrfnv lq wkh odwh vhyhqwlhv dqg hduo| hljkwlhv/ frp0
elqhg zlwk wkh qhjdwlyh hhfw ri gxudwlrq rq wkh hpsor|delolw| ri xqhp0
sor|hg zrunhuv/ frqwulexwhg wr wkh ulvh ri shuvlvwhqw dqg orqj0whup xq0
hpsor|phqw1 Glvhpsor|delolw| hhfwv suhyhqw wkh xqhpsor|phqw udwh
iurp uhwxuqlqj wr lwv lqlwldo htxloleulxp ohyho wkurxjk wzr fkdqqhov451
Iluvw/ xqhpsor|phqw ghshqghqf| ohdgv wr oderxu vkruwdjhv lq fdvh ri
hfrqrplf uhfryhu|/ dowkrxjk xqhpsor|phqw vwd|v kljk1 Vhfrqg/ lw uhlq0
irufhv wkh edujdlqlqj srzhu ri lqvlghuv zlwk uhvshfw wr zdjh ghpdqgv/
whpshulqj e| wklv zd| hpsor|phqw jurzwk1 Lq wkh olwhudwxuh/ wklv h{0
sodqdwlrq lv riwhq uhihuuhg wr wkh k|vwhuhvlv gldjqrvlv ri xqhpsor|phqw
shuvlvwhqfh1 Krz wklv h{sodqdwlrq frxog dffrxqw iru wkh odujhu lqfuhdvh
lq wkh xqhpsor|phqw udwh ri wkh orzhu vnloohg zrunhuvB Jlyhq wkh h{0
lvwhqfh ri uljlglwlhv dw wkh erwwrp ri wkh zdjh glvwulexwlrq +gxh wr wkh
h{lvwhqfh ri d ohjdo ru edujdlqhg plqlpxp zdjh,/ wkh lpsdfw ri wkh lql0
wldo vkrfnv rq wkh ohyho ri xqhpsor|phqw lv olnho| wr eh vwurqjhu iru wkh
￿2Qrwlfh wkdw wkh uxohv jryhuqlqj wkh xqhpsor|phqw ehqhw v|vwhp/ olnh wkh ohyho ri
xqhpsor|phqw ehqhwv dqg wkhlu wlph suroh/ fdq sod| dq lpsruwdqw uroh lq h{sodlqlqj
glvhpsor|delolw| hhfwv1; Lqwurgxfwlrq
orz vnloohg zrunhuv/ uhlqiruflqj glvhpsor|delolw| hhfwv/ dqg wkhuhe| wkh
s h u v l v w h q f hr ix q h p s o r | p h q wi r uw k l vj u r x sr iz r u n h u v 461
Prvw ri wkh hpslulfdo hylghqfh rq wkh k|vwhuhvlv gldjqrvlv ri xqhpsor|0
phqw shuvlvwhqfh uholhv rq wkh dqdo|vlv ri wkh uhodwlrqvkls ehwzhhq wkh
djjuhjdwh h{lw udwh rxw ri xqhpsor|phqw dqg wkh gxudwlrq ri xqhpsor|0
phqw1 Wklv uhodwlrqvkls lv jhqhudoo| irxqg wr eh ghfuhdvlqj1 Iljxuh 41:
ghslfwv wkh h{lw udwh zklfk lv revhuyhg iru dq| frkruw ri zrunhuv hqwhu0
lqj xqhpsor|phqw lq Zdoorqld471 Lq rughu wr irfxv rq wkh ghshqghqf|
txhvwlrq/ wkh h{lw udwh lv qrupdolvhg wr rqh dw wkh uvw gxudwlrq txduwhu1
Lwv vwurqj ghfolqh ryhu gxudwlrq vhhpv wr vxssruw wkh h{lvwhqfh ri glvhp0
sor|delolw| hhfwv lq Zdoorqld1 Krzhyhu/ wklv frqfoxvlrq lv plvohdglqj li
wkh xqhpsor|hg srsxodwlrq lv khwhurjhqhrxv1 Lq wkdw fdvh/ wkh lqglylg0
xdov zlwk wkh prvw idyrxudeoh fkdudfwhulvwlfv  rz iurp xqhpsor|phqw
udslgo| ohdylqj ehklqg wkh orzhvw vnloohg zrunhuv1 Wklv vruwlqj surfhvv
fdxvhv wkh djjuhjdwh h{lw udwh wr ghfuhdvh vsxulrxvo| zlwk gxudwlrq hyhq
li wkh lqglylgxdo suredelolw| ri ohdylqj xqhpsor|phqw lv frqvwdqw ryhu
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Iljxuh 41:= Revhuyhg gxudwlrq ghshqghqfh lq wkh h{lw udwh rxw ri xqhp0
sor|phqw lq Zdoorqld
￿￿Wkh kljkhu uhsodfhphqw udwh iru wkh orz vnloohg zrunhuv fdq dovr frqwulexwh wr d
pruh udslg ghprwlydwlrq dqg kdelwxdwlrq wr xqhpsor|phqw1
￿eZh gr qrw kdyh d vlplodu slfwxuh iru Iodqghuv1Lqwurgxfwlrq <
D qxpehu ri uhvhdufkhuv +vhh Vslqqhz|q 4<;5/ Sodvpdq 4<<6 dqg Pdk|
4<<7, kdyh vwxglhg wkh gxudwlrq ghshqghqfh ri wkh rxw rz udwh iru Eho0
jlxp481 Wkh| qg wkdw wkh qhjdwlyh gxudwlrq ghshqghqfh lv frpsohwho|
vsxulrxv1 Wkh h{lw udwh rxw ri xqhpsor|phqw lqfuhdvhv vljqlfdqwo| rqfh
khwhurjhqhlw| lq wkh xqhpsor|hg srsxodwlrq lv wdnhq lqwr dffrxqw1 Krz0
hyhu/ lq ylhz ri wkh vwurqj sdudphwulf dvvxpswlrqv uhjduglqj erwk wkh
sdwwhuq ri wkh wuxh gxudwlrq ghshqghqfh +Zhlexoo, dqg wkh khwhurjhqhlw|
glvwulexwlrq +Jdppd,/ wkhvh uhvxowv duh olnho| wr eh eldvhg1 Wkh hylghqfh
iurp rwkhu Hxurshdq vwxglhv rq gxudwlrq ghshqghqfh dqg khwhurjhqh0
lw| vhhpv wr frqyhujh wr wkh vdph frqfoxvlrq +iru d uhfhqw uhylhz/ vhh
Pdfklq dqg Pdqqlqj 4<<<,= Rqfh frqwuroolqj iru +revhuyhg dqg xqre0
vhuyhg, khwhurjhqhlw| lq wkh xqhpsor|hg srsxodwlrq/ wkhuh lv qr pdunhg
hylghqfh ri wuxh qhjdwlyh gxudwlrq ghshqghqfh lq prvw Hxurshdq frxq0
wulhv/ olnh Iudqfh/ wkh Qhwkhuodqgv/ Jhupdq|/ Dxvwuld/ Vsdlq/ Ghqpdun
dqg wkh Vfdqglqdyldq frxqwulhv1 Rqh h{fhswlrq wr wklv frqfoxvlrq lv
wkh Xqlwhg Nlqjgrp zkhuh wkh lqglylgxdo h{lw udwh iurp xqhpsor|phqw
glvsod|v vwurqj qhjdwlyh gxudwlrq ghshqghqfh1
Dffruglqj wr wkh vhfrqg gldjqrvlv/ wkh shuvlvwhqfh ri xqhpsor|phqw
dw d kljk ohyho frphv iurp d jhqhudo vorzgrzq ri wkh hfrqrplf jurzwk
zklfk uhgxfhv wkh ghpdqg iru erwk vnloohg dqg xqvnloohg zrunhuv1 Wkh
vorzgrzq ri hfrqrplf jurzwk frxog uh hfw d ghsuhvvhg fdslwdo dffxpxod0
wlrq gxh wr h{fhvvlyho| kljk oderxu frvwv +vhh Gdyhul dqg Wdehoolql 4<<:,
ru frruglqdwlrq idloxuhv +vhh Guë}h 4<<:> Vkdgpdq0Phkwd dqg Vqhhvvhqv
4<<;,1 Lq vxfk d frqwh{w/ pruh hgxfdwhg zrunhuv wulhg wr frpshqvdwh
wkh ghfuhdvhg ghpdqg e| h{whqglqj mre vhdufk rq wkh vnloo vhjphqw eh0
orz wkhlu rzq1 Dgrswlqj wklv vhdufk ehkdylrxu/ wkh| furzghg rxw orzhu
hgxfdwhg xqhpsor|hg lq wkhlu vhjphqw1 Dw wkh erwwrp ri wkh vnloo odg0
ghu/ wkh orzhvw hgxfdwhg zhuh frqghpqhg wr xqhpsor|phqw ru lqdfwlylw|1
Wkh furzglqj rxw surfhvv zdv hyhq uhlqirufhg e| d ulvh lq wkh vxsso| ri
kljko| hgxfdwhg zrunhuv1 Lq wkh olwhudwxuh/ wklv surfhvv lv dovr fdoohg mre
frpshwlwlrq/ expslqj grzq ru odgghu hhfw/ dqg lv xvhg dv d srvvleoh
fdxvh ri wkh uhodwlyh ulvh lq wkh xqhpsor|phqw udwh ri wkh orz hgxfdwhg
zrunhuv +vhh/ h1j1/ Juhhq hw do1 4<<<> Grodgr hw do1 5333> Jdxwlhu 5334,1
Xs wr qrz/ prvw ri wkh hpslulfdo hylghqfh rq mre frpshwlwlrq uholhv
rq phdvxuhv ri ryhuhgxfdwlrq/ zklfk jlyh wkh vkduh ri zrunhuv zlwk d
￿DQrqh vwxglhv kdyh vhsdudwho| dqdo|vhg Iodqghuv dqg Zdoorqld143 Lqwurgxfwlrq
kljkhu vfkrrolqj ohyho wkdq wkh rqh uhtxluhg wr shuirup wkh mre1 Wkhuh
lv d jurzlqj lqwhuhvw lq wkh ryhuhgxfdwlrq olwhudwxuh/ zlwqhvv wkh vsh0
fldo lvvxh ri wkh Hfrqrplfv ri Hgxfdwlrq Uhylhz +4</ Dsulo 5333, rq
wklv txhvwlrq1 Vlqfh ghqlwlrq dqg phdvxuhphqw lvvxhv +vhh ehorz, pdnh
frpsdulvrqv dfurvv frxqwulhv gl!fxow/ zh rqo| uhsruw wkdw wkh lqflghqfh
ri ryhuhgxfdwlrq udqjhv ehwzhhq 43( dqg 68( lq Hxurshdq frxqwulhv
+vhh Juhhq hw do1 4<<< dqg Kduwrj 5333,1 Ehvlghv/ wkhuh lv vrph hyl0
ghqfh ri lqfuhdvlqj ryhuhgxfdwlrq ryhu wkh vhyhqwlhv dqg hduo| hljkwlhv
lq wkh Xqlwhg Nlqjgrp/ wkh Qhwkhuodqgv/ Sruwxjdo dqg Vsdlq1 D olp0
lwhg qxpehu ri vwxglhv wulhg wr hydoxdwh wkh lqflghqfh ri ryhuhgxfdwlrq
iru Ehojlxp +vhh Ydq Krri 4<<9 dqg Ghqroi hw do1 4<<<,1 Edvhg rq d
y d f d q f |v x u y h |w rh p s o r | h u v /G h q r o ihw do1 +4<<<, frqfoxgh wkdw 65(
ri wkh qhzo| kluhg zrunhuv zhuh ryhuhgxfdwhg49 lq 4<<: dqg wkdw wklv
sursruwlrq lv frxqwhuf|folfdo4:1 Wklv iudfwlrq pxvw/ krzhyhu/ eh odujho|
ryhuhvwlpdwhg1 Wkh dxwkruv dvvrfldwh ydfdqflhv iru zklfk wkh hpsor|huv
kdyh qr suhihuhqfh uhjduglqj wkh uhtxluhg ohyho ri hgxfdwlrq wr wkrvh
uhtxlulqj dw prvw dq hohphqwdu| ghjuhh1 Xqvxusulvlqjo|/ wkh sursruwlrq
ri ryhuhgxfdwhg zrunhuv lv :3( iru wkhvh mre rhuv zkloh wklv iudfwlrq
wxuqv durxqg 53( rqo| iru wkh rwkhu ohyhov ri hgxfdwlrq1
Wkhuh lv d pruh lpsruwdqw phdvxuhphqw lvvxh lq wkh olwhudwxuh rq ryhuh0
gxfdwlrq wkrxjk= Wkh uhvxowv duh vhqvlwlyh wr wkh fodvvlfdwlrq ri mrev
dffruglqj wr wkh uhtxluhg vfkrrolqj ohyho/ zklfk lv riwhq dvnhg wr wkh
zrunhuv wkhpvhoyhv1 Zkhq wklv lqirupdwlrq frphv iurp wkh hpsor|huv
ru h{whuqdo h{shuwv/ uhsruwv duh dovr olnho| wr eh eldvhg1 Iru lqvwdqfh/
hpsor|huv fdq lqfuhdvh wkhlu hgxfdwlrqdo uhtxluhphqwv lq rughu wr dwwudfw
wkh ehvw fdqglgdwhv iru wkh mre ru vlpso| ehfdxvh wkh| nqrz wkdw wkhuh
lv d odujh qxpehu ri kljko| hgxfdwhg mre vhhnhuv +vhh Juhhq hw do1 4<<<,1
Li wkh vfkrrolqj suroh ri wkh mre lv hydoxdwhg wkurxjk h{whuqdo h{shuwv/
wkh lqirupdwlrq pxvw eh iuhtxhqwo| xsgdwhg vlqfh wkh mre frqwhqw pd|
fkdqjh zlwk wkh lqwurgxfwlrq ri qhz whfkqrorjlhv1
Wkh wklug gldjqrvlv dwwulexwhv wkh shuvlvwhqfh ri xqhpsor|phqw wr d
vwuxfwxudo vnloo plvpdwfk ehwzhhq wkh ghpdqg dqg wkh vxsso| ri vnloov1
D f f r u g l q jw rw k l vy l h z /w k hh f r q r p l fj u r z w kf d p hz l w kdf k d q j hl qw k h
frpsrvlwlrq ri oderxu ghpdqg eldvhg djdlqvw wkh orz vnloohg zrunhuv
￿S59( lq Zdoorqld dqg Euxvvhov/ 68( lq Iodqghuv1
￿.Wklv ydfdqf| vxuyh| kdv ehhq frqgxfwhg vlqfh 4<<81Lqwurgxfwlrq 44
+e| wkh lqwurgxfwlrq ri qhz whfkqrorjlhv/ gh0lqgxvwuldolvdwlrq dqg2ru lq0
whuqdwlrqdo frpshwlwlrq,/ zlwkrxw dq htxlydohqw dgmxvwphqw lq wkh frp0
srvlwlrq ri oderxu vxsso| +vhh/ iru h{dpsoh/ Guë}h dqg Vqhhvvhqv 4<<:>
Dxwru hw do1 4<<;> Ehupdq hw do1 4<<;> Pdfklq dqg Ydq Uhhqhq 4<<;>
Dfhprjox 5334,1 Wkhvh vwuxfwxudo hyroxwlrqv/ wrjhwkhu zlwk d grzq0
zdug uljlg zdjh vwuxfwxuh/ ohg wr d jurzlqj vnloo plvpdwfk ehwzhhq wkh
ghpdqg dqg wkh vxsso| ri oderxu= Dq h{fhvv ghpdqg ri kljk vnloohg
zrunhuv frh{lvwv zlwk dq h{fhvv vxsso| ri orz vnloohg zrunhuv1 Vnloo plv0
pdwfk fdq wkhuhiruh dovr dffrxqw iru wkh uhodwlyh ulvh lq wkh lqflghqfh ri
xqhpsor|phqw dprqj wkh ohvv hgxfdwhg zrunhuv1
D qxpehu ri vwxglhv wulhg wr hydoxdwh wkh h{whqw ri vnloo plvpdwfk e|
frpsxwlqj plvpdwfk lqglfdwruv +vhh iru Ehojlxp/ Elqrq hw do1 4<<;/
Vqhhvvhqv hw do1 4<<<> iru Iudqfh/ Vqhhvvhqv dqg Vkdgpdq0Phkwd 4<<8>
iru wkh Xqlwhg Nlqjgrp/ Mdfnpdq dqg Urshu 4<;: dqg Mdfnpdq hw do1
4<<3> iru rwkhu frxqwulhv/ lqfoxglqj wkh XN/ Pdqdfrugd dqg Shwurqjror
4<<<,1 Dffruglqj wr wkh lqglfdwru frqvwuxfwhg iru Ehojlxp/ wkhuh kdv
ehhq d jurzlqj lpedodqfh ehwzhhq wkh ghpdqg dqg wkh vxsso| ri vnloov
lq wklv frxqwu| iurp wkh odwh vhyhqwlhv dqg xs wr wkh plg hljkwlhv/ pruh
sduwlfxoduo| lq Zdoorqld1 Iru wkh rwkhu frxqwulhv/ uhvxowv duh udwkhu
pl{hg1 Dowkrxjk wkh ghqlwlrq ri wkh plvpdwfk lqgh{ glhuv dfurvv
vwxglhv/ wkhuh lv vrph hylghqfh ri lqfuhdvlqj vnloo plvpdwfk lq Iudqfh/
wkh Xqlwhg Nlqjgrp/ Lwdo| dqg Jhupdq|/ exw qrw lq wkh Qhwkhuodqgv
dqg wkh Vfdqglqdyldq frxqwulhv1
Krzhyhu/ doo phdvxuhv ri plvpdwfk duh exlow rq prghov zklfk ljqruh wkh
prelolw| ri zrunhuv ehwzhhq vhjphqwv ri wkh oderxu pdunhw/ vr wkdw wkh|
h{foxgh wkh mre frpshwlwlrq surfhvv1 Li vxfk d surfhvv wdnhv sodfh/ wkh
plvpdwfk lqglfdwruv duh eldvhg1 Dv dq h{dpsoh/ wkh plvpdwfk lqglfdwru
ri Vqhhvvhqv hw do1 +4<<<, lv wkh udwlr ri vnloohg wr wrwdo hpsor|phqw udwhv1
Vnloohg hpsor|phqw lv phdvxuhg e| wkh vkduh ri kljko| hgxfdwhg4; shrsoh
lq wkh zrunlqj srsxodwlrq1 Wkhuhiruh/ wkh lqfuhdvh lq wkh plvpdwfk
lqglfdwru iru Ehojlxp frxog sduwo| uh hfw d pruh lqwhqvh furzglqj rxw
ri orzhu hgxfdwhg zrunhuv e| kljkhu hgxfdwhg rqhv1 Rwkhu lqglfdwruv
vxhu iurp wkh vdph w|sh ri phdvxuhphqw sureohp1
Qrwlfh wkdw vnloo plvpdwfk dqg mre frpshwlwlrq duh qrw pxwxdoo| h{0
￿HKljko| hgxfdwhg zrunhuv duh wkrvh zkr dw ohdvw frpsohwhg dq xsshu vhfrqgdu|
ghjuhh145 Lqwurgxfwlrq
foxvlyh1 Wkh uvw h{sodqdwlrq hpskdvlvhv wkh uroh ri wkh frpsrvlwlrq ri
hpsor|phqw jurzwk dqg oderxu vxsso| rq wkh revhuyhg hyroxwlrqv zkloh
wkh vhfrqg vwuhvvhv wkh lpsruwdqfh ri wkh ohyho ri hpsor|phqw jurzwk1
416 Remhfwlyh dqg prwlydwlrq ri wkh grfwrudo uh0
vhdufk
Wklv wkhvlv frqvlvwv ri dq lq0ghswk hfrqrphwulf dqdo|vlv ri wkh  rzv
rxw ri xqhpsor|phqw lq Ehojlxp1 Edvhg rq dgplqlvwudwlyh gdwd/ zh
frqgxfw wkuhh hpslulfdo uhvhdufkhv rq wkh ghwhuplqdqwv ri wkh h{lw udwh
rxw ri xqhpsor|phqw lq wklv frxqwu| +vhh Iljxuh 41;,1 Lq Fkdswhuv 5
dqg 6/ zh vwxg| wkh ehkdylrxu ri wkh h{lw udwh rxw ri xqhpsor|phqw ryhu
gxudwlrq dqg fdohqgdu wlph1 Lq Fkdswhu 6/ zh lqyhvwljdwh zkhwkhu wklv
ehkdylrxu glhuv dffruglqj wr wkh sodfh ri olylqj dqg wkh vnloo ohyho/ dv
phdvxuhg e| wkh ohyho ri hgxfdwlrq1 Ilqdoo|/ lq Fkdswhu 7/ zh ghwhuplqh
wr zkdw h{whqw wkh glyhujhqfhv lq wkh udwh ri  rzlqj iurp xqhpsor|phqw
ehwzhhq zrunhuv zlwk glhuhqw ohyhov ri hgxfdwlrq fdq eh h{sodlqhg e|
d vnloo plvpdwfk skhqrphqrq dqg2ru e| d mre frpshwlwlrq vwru|1
Wkh uvw prwlydwlrq ri rxu grfwrudo uhvhdufk lv wr lpsuryh wkh gldjqrvlv
ri xqhpsor|phqw shuvlvwhqfh lq Ehojlxp/ pruh sduwlfxoduo| lq Zdoorqld/
e| dqdo|vlqj wkh wudqvlwlrq udwh rxw ri xqhpsor|phqw lq ydulrxv glphq0
vlrqv1 Uhqlqj wkh fdxvhv ri xqhpsor|phqw shuvlvwhqfh lq Ehojlxp pd|
wkhq eh d vwhs wrzdugv wkh ghvljq ri pruh h!flhqw oderxu pdunhw srolflhv
lq wklv frxqwu|1 Wkh vhfrqg prwlydwlrq lv wr frqwulexwh wr wkh h{lvwlqj
olwhudwxuh e| surylglqj qhz phwkrgrorjlfdo ghyhorsphqwv1 Lq sduwlfxodu/
zh dgguhvv vrph ri wkh phwkrgrorjlfdo lvvxhv zklfk kdyh ehhq udlvhg lq
wkh olwhudwxuh rq vnloo plvpdwfk dqg mre frpshwlwlrq1
Ehorz/ zh ghvfuleh wkh remhfwlyhv ri wkh wkuhh fkdswhuv ri rxu grfwrudo
wkhvlv1 Zh dovr vwuhvv wkh zd| wkh| lqwhudfw wr hdfk rwkhu/ vxfk dv
ghslfwhg lq Iljxuh 41;1 Iru hdfk fkdswhu/ zh wkhq vkrz krz wkhlu qglqjv
pd| lpsuryh erwk wkh gldjqrvlv ri xqhpsor|phqw shuvlvwhqfh dqg wkh
ghvljq ri dfwlyh oderxu pdunhw srolflhv lq Ehojlxp1 D pruh ghwdlohg
glvfxvvlrq rq wkh srolf| lpsolfdwlrqv ri rxu uhvxowv lv surylghg lq wkh
jhqhudo frqfoxvlrq1 Ilqdoo|/ zh eulh | jlyh wkh pdlq phwkrgrorjlfdo
frqwulexwlrqv ri wkh wkuhh fkdswhuv1Lqwurgxfwlrq 46
Iljxuh 41;= Rxwolqh ri wkh grfwrudo uhvhdufk47 Lqwurgxfwlrq
41614 Remhfwlyh ri wkh wkuhh fkdswhuv
Lq Fkdswhu 5/ zh irfxv rq wkh  rzv rxw ri xqhpsor|phqw lq Zdoorqld1
Zh revhuyh wkh txduwhuo| h{lw udwhv ri pdoh zrunhuv  rzlqj lqwr xqhp0
sor|phqw ehwzhhq Mxqh 4<;< dqg Iheuxdu| 4<<71 Wkh uvw remhfwlyh ri
wklv fkdswhu lv wr lqyhvwljdwh zkdw fdxvhv wkh djjuhjdwh h{lw udwh rxw ri
xqhpsor|phqw lq Zdoorqld wr ghfolqh vwurqjo| ryhu gxudwlrq +vhh Iljxuh
41:,1 Lv wklv qhjdwlyh gxudwlrq ghshqghqfh cwuxh*/ l1h1 lqgxfhg e| d sur0
fhvv ri ghprwlydwlrq dqg vnloo ghwhulrudwlrq/ ru cvsxulrxv*/ l1h1 jhqhudwhg
e| khwhurjhqhlw| lq wkh xqhpsor|hg srsxodwlrqB Zh dovr lqyhvwljdwh
zkhwkhu wkh wuxh gxudwlrq ghshqghqfh ri wkh rxw rz udwh lv frpsdwleoh
zlwk wkh udqnlqj k|srwkhvlv/ d uhfuxlwphqw uxoh zklfk frqvlvwv lq klulqj
wkh xqhpsor|hg fdqglgdwh zlwk wkh vkruwhvw xqhpsor|phqw gxudwlrq1
Vlqfh rxu gdwd duh rqo| vwudwlhg e| wkh djh jurxs/ zh frqwuro iru wkh
+xqrevhuyhg, khwhurjhqhlw| lq wkh xqhpsor|hg srsxodwlrq e| hvwlpdwlqj
lwv glvwulexwlrq1 Frqwudu| wr wkh h{lvwlqj vwxglhv rq gxudwlrq ghshqghqfh
dqg khwhurjhqhlw| lq Ehojlxp/ wkh gxudwlrq ghshqghqfh ri wkh rxw rz
udwh lv vshflhg lq d  h{leoh zd|1 Lq wkh ehqfkpdun prgho/ wkh khwhur0
jhqhlw| glvwulexwlrq lv sdudphwulvhg +Jdppd,1 Zh wkhq frpsduh rxu
qglqjv zlwk wkrvh irxqg zlwk d qrq0sdudphwulf vshflfdwlrq1 Qrwlfh
wkdw zh hvwlpdwh wkh h{whqw ri gxudwlrq ghshqghqfh dqg khwhurjhqhlw|
iru wkh |rxqj dqg sulph djhg phq vhsdudwho|1
Wkh vhfrqg remhfwlyh ri Fkdswhu 5 lv wr vwxg| wkh f|folfdo dqg wkh vhd0
vrqdo ehkdylrxu ri wkh h{lw udwh rxw ri xqhpsor|phqw lq Zdoorqld1 Wkh
djjuhjdwh h{lw udwh rxw ri xqhpsor|phqw lv jhqhudoo| irxqg wr eh sur0
f|folfdo1 Lq wklv fkdswhu/ zh wu| wr ghwhuplqh wkh sduw ri wklv f|folfdo
yduldwlrq zklfk lv h{sodlqhg e| d jhqhudo hhfw/ l1h1 e| fkdqjhv lq wkh
h{lw udwh ri doo fxuuhqwo| xqhpsor|hg zrunhuv zlwk wkh exvlqhvv f|foh/ dqg
e| d frpsrvlwlrq hhfw/ l1h1 e|  xfwxdwlrqv lq wkh dyhudjh txdolw| ri hq0
wudqwv lqwr xqhpsor|phqw ohdylqj wkh lqglylgxdo h{lw udwhv frqvwdqw1 Iru
lqvwdqfh/ li zrunhuv zlwk pruh idyrxudeoh oderxu pdunhw fkdudfwhulvwlfv/
vd| ckljk vnloohg* zrunhuv/ zhuh ohvv +pruh, olnho| wr hqwhu xqhpsor|phqw
lq d grzqwxuq +xswxuq,/ zkloh wkh corz vnloohg* zrunhuv idfh dozd|v wkh
vdph ulvn ri orvlqj wkhlu mre/ wkhq wklv fkdqjh lq wkh frpsrvlwlrq ri wkh
xqhpsor|hg frxog sduwo| gulyh wkh surf|folfdo yduldwlrq lq wkh djjuh0
jdwh rxw rz udwh= Wkh dyhudjh txdolw| ri hqwudqwv zrxog ghwhulrudwh lqLqwurgxfwlrq 48
grzqwxuq dqg lpsuryh lq xswxuq1 Lq rughu wr glvhqwdqjoh frpsrvlwlrq
iurp jhqhudo hhfwv ri wkh fdohqgdu wlph rq wkh rxw rz udwh/ zh doorz
wkh phdq ri wkh khwhurjhqhlw| glvwulexwlrq wr ydu| ryhu vhdvrqv dqg wkh
exvlqhvv f|foh1 Vlqfh zh gr qrw revhuyh dq| shuvrqdo fkdudfwhulvwlfv
ri wkh xqhpsor|hg zrunhuv +h{fhsw wkh djh,/ zh fdq rqo| frpsxwh dq
xqrevhuyhg frpsrvlwlrq hhfw1
Lq Fkdswhu 6/ zh irfxv rq wkh  rzv lq dqg rxw ri xqhpsor|phqw lq
w k hw z rp d l qu h j l r q vr iE h o j l x p /I o d q g h u vd q gZ d o o r q l d /r y h udo r q j h u
wlphvsdq1 Zh revhuyh wkh |hduo| h{lw udwhv ri pdoh zrunhuv djhg 58077
d q g r z l q jl q w rx q h p s o r | p h q wl qw k hp r q w kr iM x q h /h d f k| h d ui u r p
4<:5 wr 4<<51 Wkhvh gdwd dovr frqwdlq d qxpehu ri shuvrqdo fkdudfwhu0
lvwlfv ri wkh xqhpsor|hg shrsoh1 Wkh odwwhu lqfoxgh wkh djh +phdvxuhg
lq prqwkv,/ wkh ohyho ri hgxfdwlrq/ wkh surylqfh ri olylqj dqg wkh vhfwru
rffxslhg ehiruh ehfrplqj xqhpsor|hg1 Wkh remhfwlyh ri wklv fkdswhu
lv wr lqyhvwljdwh zkhwkhu wkh glyhujlqj hyroxwlrq lq wkh xqhpsor|phqw
vwrfn lq Iodqghuv dqg Zdoorqld lv gulyhq e| glhuhqw hyroxwlrqv lq wkhlu
dyhudjh xqhpsor|phqw gxudwlrq dqg2ru wkhlu xqhpsor|phqw lqflghqfh1
Wr wkdw sxusrvh/ zh surfhhg lq wzr vwdjhv1
Lq wkh uvw vwdjh/ wkh dyhudjh xqhpsor|phqw gxudwlrq lv prghoohg
wkurxjk wkh vshflfdwlrq ri wkh h{lw udwh rxw ri xqhpsor|phqw4<1D v
lq Fkdswhu 5/ zh ghfrpsrvh yduldwlrqv lq wkh djjuhjdwh rxw rz udwh
ryhu fdohqgdu wlph lq hdfk uhjlrq ehwzhhq d jhqhudo hhfw dqg d frp0
srvlwlrq hhfw1 Zh dovr hydoxdwh wkh h{whqw ri gxudwlrq ghshqghqfh dqg
khwhurjhqhlw| lq hdfk uhjlrq1 Krzhyhu/ Fkdswhu 6 frqwdlqv wkuhh qryho0
wlhv dv frpsduhg wr wkh dqdo|vlv frqgxfwhg lq Fkdswhu 51 Rq wkh rqh
kdqg/ wkh wlphvsdq fryhuhg e| wkh gdwd lv vx!flhqwo| orqj wr lqyhvwljdwh
erwk f|folfdo dqg vwuxfwxudo hyroxwlrqv lq wkh djjuhjdwh rxw rz udwh1 Rq
wkh rwkhu kdqg/ wkh frpsrvlwlrq hhfw lv pdgh ri yduldwlrqv lq erwk wkh
revhuyhg dqg xqrevhuyhg fkdudfwhulvwlfv ri wkrvh  rzlqj lqwr xqhpsor|0
phqw1 Wkh xvh ri djjuhjdwh gdwd fryhulqj 54 |hduv dqg vwudwlhg e| d vhw
ri uhohydqw fkdudfwhulvwlfv doorzv xv wr frqwuro iru fkdqjhv lq wkh lq rz
frpsrvlwlrq zlwkrxw uho|lqj +frpsohwho|, rq ixqfwlrqdo irup dvvxps0
wlrqv1 Ilqdoo|/ wkh ulfkqhvv ri wkh gdwd vhw doorzv xv wr whvw zkhwkhu wkh
jhqhudo hhfw ri wkh fdohqgdu wlph lv wkh vdph iru xqhpsor|hg zrunhuv
￿bLq d vwhdg|0vwdwh hqylurqphqw/ wkhuh lv d rqh0wr0rqh uhodwlrqvkls ehwzhhq wkh
dyhudjh xqhpsor|phqw gxudwlrq dqg wkh h{lw udwh rxw ri xqhpsor|phqw149 Lqwurgxfwlrq
zlwk glhuhqw ohyhov ri hgxfdwlrq dqg surylqfh ri olylqj/ lq hdfk uhjlrq1
Lq wkh vhfrqg vwdjh/ zh ghfrpsrvh yduldwlrqv ri wkh xqhpsor|phqw vwrfn
lq Iodqghuv dqg Zdoorqld lqwr dq lqflghqfh hhfw dqg wkh gxudwlrq hhfw
h v w l p d w h gl qw k h u v wv w d j h 531
Wkh qglqjv ri Fkdswhu 6 uhyhdo wkdw wkh rxw rz udwh ri orz hgx0
fdwhg xqhpsor|hg zrunhuv lq Ehojlxp ghwhulrudwhg e| 63( pruh wkdq
wkh h{lw udwh ri wkh kljkhvw hgxfdwhg zrunhuv ryhu wkh shulrg 4<:604<<61
Lq Fkdswhu 7/ zh lqyhvwljdwh wr zklfk h{whqw glvsdulwlhv lq wkh h{lw udwh
ehwzhhq zrunhuv zlwk glhuhqw ohyhov ri hgxfdwlrq fdq eh h{sodlqhg e|
mre frpshwlwlrq dqg2ru vnloo plvpdwfk lq Zdoorqld1 Wr wkdw sxusrvh/
zh xvh dgplqlvwudwlyh gdwd rq wkh  rzv iurp xqhpsor|phqw e| ohyho ri
hgxfdwlrq1 Dv lq Fkdswhu 5/ zh revhuyh wkh txduwhuo| h{lw udwhv ri pdoh
zrunhuv  rzlqj lqwr xqhpsor|phqw ehwzhhq Mxqh 4<;< dqg Iheuxdu|
4<<71 Krzhyhu/ wkhvh gdwd duh qrz vwudwlhg dffruglqj wr wkh hgxfd0
wlrqdo dwwdlqphqw ri wkh lqglylgxdo1 Rxu dqdo|vlv dovr h{sorlwv wkh qxp0
ehu ri mre ydfdqflhv uhjlvwhuhg dw wkh sxeolf hpsor|phqw djhqf|1 Wkhvh
mre rhuv duh qrw fodvvlhg dffruglqj wr wkh uhtxluhg ohyho ri hgxfdwlrq1
Wkh h{lw udwh rxw ri xqhpsor|phqw lv prghoohg lq d pdwfklqj ixqf0
wlrq iudphzrun lq zklfk wkh mre pdunhw lv vhjphqwhg e| vfkrrolqj ohyho1
Lq wkh suhvhqfh ri mre frpshwlwlrq/ doo xqhpsor|hg zrunhuv vhdufk iru
mrev lq wkhlu rzq vhjphqw dqg vrph iudfwlrq vhdufk vlpxowdqhrxvo| lq
wkh vhjphqw mxvw ehorz wkhlu rzq1 Xqghu wklv dvvxpswlrq/ wkh sured0
elolw| ri  rzlqj rxw ri xqhpsor|phqw e| ohyho ri hgxfdwlrq lv pdgh ri
wzr frpsrqhqwv= Wkh suredelolw| ri qglqj d mre fruuhvsrqglqj wr klv
vfkrrolqj suroh dqg wkh suredelolw| ri qglqj d grzqjudglqj mre1 Zh
wkhq hvwlpdwh wkh vwuxfwxudo irup ri wkh rxw rz suredelolw| e| vfkrrolqj
ohyho1 Wkh sdudphwhuv ri lqwhuhvw duh wkh h{whqw ri mre frpshwlwlrq dw
hdfk vfkrrolqj ohyho +h{fhsw wkh orzhvw ohyho, dv zhoo dv wkh glvwulexwlrq
ri mre rhuv dffruglqj wr wkh uhtxluhg ohyho ri hgxfdwlrq1
Hvwlpdwlqj wkh glvwulexwlrq ri mre rhuv e| vfkrrolqj ohyho doorzv xv wr
fdofxodwh xqeldvhg plvpdwfk lqglfdwruv/ zklfk zloo phdvxuh wkh glvshu0
vlrq lq wkh ydfdqf|0xqhpsor|phqw +Y0X, udwlr e| ohyho ri hgxfdwlrq1 Lw
vkrxog krzhyhu eh vwuhvvhg wkdw zh rqo| revhuyh/ lq rxu gdwd vhw/ xq0
2fLq d vwhdg|0vwdwh hqylurqphqw/ wkh vwrfn ri xqhpsor|hg zrunhuv lv vlpso| wkh
surgxfw ri wkh qxpehu ri zrunhuv  rzlqj lqwr xqhpsor|phqw +lqflghqfh, dqg wkhlu
dyhudjh xqhpsor|phqw gxudwlrq1Lqwurgxfwlrq 4:
hpsor|hg zrunhuv zkr vhsdudwhg iurp wkhlu hpsor|huv dqg zkr glg qrw
gluhfwo| qg d qhz mre +l1h1 glvplvvhg zrunhuv,1 Dv d frqvhtxhqfh/ rxu
hvwlpdwlrq ri ydfdqflhv e| vfkrrolqj ohyho frqfhuqv rqo| wkrvh lqwhqghg
wr wklv vhohfwlyh srsxodwlrq/z k l f kh{foxghv |rxqj vfkrro ohdyhuv dqg hp0
sor|hg mre vhhnhuv1 Vr zh fdq rqo| hydoxdwh wkh h{whqw ri vnloo plvpdwfk
+dqg mre frpshwlwlrq, zlwklq wklv vhohfwlyh srsxodwlrq1
41615 Krz pd| wklv grfwrudo uhvhdufk lpsuryh wkh gldj0
qrvlv ri xqhpsor|phqw shuvlvwhqfh dqg wkh ghvljq
ri dfwlyh oderxu pdunhw srolflhv lq Ehojlxp B
Krz fdq wkh hpslulfdo dqdo|vlv ri rxu grfwrudo wkhvlv lpsuryh wkh gl0
djqrvlv ri xqhpsor|phqw shuvlvwhqfh lq Ehojlxp/ pruh sduwlfxoduo| lq
Zdoorqld/ dqg wkhuhiruh eh d vwhs wrzdugv wkh ghvljq ri pruh h!flhqw
oderxu pdunhw srolflhvB
Lq Fkdswhu 5/z hl q y h v w l j d w hw k hu h o d w l y hl p s r u w d q f hr iw u x hd q gv s x 0
ulrxv qhjdwlyh gxudwlrq ghshqghqfh ri wkh djjuhjdwh h{lw udwh rxw ri
xqhpsor|phqw lq Zdoorqld1 Zh fdq wkhuhiruh hydoxdwh zkhwkhu vnloo gh0
whulrudwlrq dqg ghprwlydwlrq fdq eh wkh pdlq fkdqqhov ri xqhpsor|phqw
shuvlvwhqfh lq wklv uhjlrq1 Wklv txhvwlrq lv dovr kljko| uhohydqw iurp d
srolf| shuvshfwlyh1 Li xqhpsor|phqw gxudwlrq lv ri olwwoh lpsruwdqfh wr
h{sodlq wkh orz hpsor|delolw| ri wkh orqj0whup xqhpsor|hg lq frpsdu0
lvrq zlwk wkh uroh ri wkhlu lqwulqvlf vnloov +lqwhusuhwhg lq d yhu| eurdg
vhqvh,/ wkhq sxeolf rxwod|v wr oderxu pdunhw srolflhv vkrxog qrw sul0
pdulo| irfxv rq whpsrudu| zrun h{shulhqfh vfkhphv zlwk olwwoh wudlqlqj
frqwhqw1 Zkloh wkhvh surjudpphv fdq khos wr pdlqwdlq vnloov dqg zrun
kdelwv li xqhpsor|phqw ohdgv wr ghwhulrudwlrq ri vnloov dqg orvv ri zrun
h{shulhqfh/ wkh| duh xqolnho| wr eh e| wkhpvhoyhv hhfwlyh li xqhpsor|0
phqw phuho| uhyhdov wkh lqglylgxdov zlwk orz vnloo dwwulexwhv541
Lq Fkdswhu 6/ zh fdq dovr hydoxdwh zkhwkhu glvhpsor|delolw| hhfwv
pd| kdyh gulyhq xqhpsor|phqw shuvlvwhqfh lq Iodqghuv dqg lq Zdoorqld1
D fruroodu| ri wkh k|vwhuhvlv gldjqrvlv ri xqhpsor|phqw shuvlvwhqfh lv
wkdw wkh gxudwlrq ri xqhpsor|phqw vkrxog gulyh lwv shuvlvwhqfh1 E|
ghwhuplqlqj wkh uhodwlyh uroh ri gxudwlrq dqg lqflghqfh lq wkh vwuxfwxudo
2￿H{fhsw iru wkrvh iru zkrp wkh corz vnloo dwwulexwhv* phdqv wkh odfn ri zrun h{sh0
ulhqfh/ dv wkh |rxqj vfkrro ohdyhuv iru lqvwdqfh14; Lqwurgxfwlrq
ulvh ri xqhpsor|phqw lq wkh wzr pdlq uhjlrqv ri Ehojlxp/ zh fdq vhh
zkhwkhu wkh k|vwhuhvlv gldjqrvlv fdq h{sodlq wkh glyhujlqj hyroxwlrq ri
xqhpsor|phqw lq wkhvh uhjlrqv1 Vrph ri wkh srolf| uhfrpphqgdwlrqv
wkdw zh fdq sxw iruzdug lq wklv fkdswhu duh wkhuhiruh vlplodu wr wkrvh
sursrvhg lq Fkdswhu 51
Vrph dxwkruv dovr dujxh wkdw li yduldwlrqv lq wkh gxudwlrq ri xqhpsor|0
phqw duh pdlqo| gulyhq e| d jhqhudo hhfw/ wdujhwhg srolflhv duh xqolnho|
wr eh xvhixo1 Lq Fkdswhu 6/ zh vkrz wkdw hyhq li frpsrvlwlrq hhfwv sod|
dq xqlpsruwdqw uroh/ wkhuh lv d vfrsh iru oderxu pdunhw srolflhv dlphg
dw vshflf jurxsv ri xqhpsor|hg zrunhuv1 Iru/ wkh jhqhudo hhfw ri wkh
fdohqgdu wlph rq wkh h{lw udwh lv qrw qhfhvvdulo| wkh vdph iru doo jurxsv
ri xqhpsor|hg zrunhuv1
Fkdswhu 7 dlpv wr ghwhuplqh wkh uhodwlyh lpsruwdqfh ri mre frpsh0
wlwlrq dqg vnloo plvpdwfk iru d srsxodwlrq ri xqhpsor|hg zrunhuv lq
Zdoorqld1 Wklv txhvwlrq lv dovr fuxfldo iurp d srolf| shuvshfwlyh1 Iru
lqvwdqfh/ lw lv riwhq dujxhg wkdw wudlqlqj surjudpphv vkrxog eh hqfrxu0
djhg lq fdvh ri vnloo plvpdwfk zkloh wkh| zrxog eh lqh!flhqw lq fdvh ri
mre frpshwlwlrq= Wkh| zrxog rqo| uhlqirufh wkh mre frpshwlwlrq surfhvv
dqg phuho| uhglvwulexwh xqhpsor|phqw ehwzhhq glhuhqw jurxsv ri zrun0
huv1 Li mre frpshwlwlrq h{lvwv/ dq hfrqrplf jurzwk ulfk lq hpsor|phqw
lv vx!flhqw wr lpsuryh wkh uhodwlyh srvlwlrq ri wkh ohvv0vnloohg zrunhuv lq
wkh oderxu pdunhw1
Zh vkrxog krzhyhu eh h{wuhpho| fdxwlrxv zlwk wklv w|sh ri srolf| uhf0
rpphqgdwlrqv lq wklv fkdswhu/ iru wzr uhdvrqv1 Iluvw/ wkh dydlodeoh gdwd
doorz xv wr hydoxdwh wkh h{whqw ri mre frpshwlwlrq dqg vnloo plvpdwfk
rqo| iru d vhohfwlyh srsxodwlrq ri xqhpsor|hg zrunhuv/ zklfk h{foxghv
|rxqj vfkrro ohdyhuv dqg rq0wkh0mre vhdufkhuv1 Vhfrqg/ lq wkh frqfox0
vlrq ri Fkdswhu 7/ zh hpskdvlvh wkdw hgxfdwlrq dqg wudlqlqj surjudpphv
fdq khos wr uhgxfh wkh h{whqw ri mre frpshwlwlrq/ dqg wkhuhe| xqhpsor|0
phqw/ frqwudu| wr zkdw wkh w|slfdo ylhz rq mre frpshwlwlrq vxjjhvwv1
41616 Zkdw duh wkh pdlq phwkrgrorjlfdo frqwulexwlrqv ri
wklv grfwrudo uhvhdufkB
Ilqdoo|/ zkdw duh wkh pdlq phwkrgrorjlfdo frqwulexwlrqv ri wkh wkuhh
fkdswhuv ri rxu grfwrudo wkhvlvBLqwurgxfwlrq 4<
Lq Fkdswhu 5/ zh ghsduw iurp pl{hg sursruwlrqdo kd}dug +PSK, prg0
hov55 wr glvhqwdqjoh wuxh iurp vsxulrxv gxudwlrq ghshqghqfh= Zh doorz
w k hw u x hg x u d w l r qg h s h q g h q f hr iw k hr x w  r zu d w hw ry d u |e h w z h h qde r r p
dqg d uhfhvvlrq lq rughu wr whvw wkh udqnlqj k|srwkhvlv1 Zh vkrz wkdw
wkh PSK dvvxpswlrq pd| uhvxow lq dq xqghuhvwlpdwlrq ri wkh h{whqw
ri vsxulrxv qhjdwlyh gxudwlrq ghshqghqfh1 Lq Fkdswhu 6/z hs u r s r v h
d frpsohwh dqg irupdo ghfrpsrvlwlrq ri wkh yduldwlrqv lq wkh djjuh0
jdwh rxw rz udwh ryhu wlph/ irfxvlqj rq erwk f|folfdo dqg vwuxfwxudo
yduldwlrqv1 Ehvlghv/ zh fkrrvh wr sdudphwulvh wkh wlph ghshqghqfh ri
w k hg l v w u l e x w l r qr ix q r e v h u y h gf k d u d f w h u l v w l f ve |w k hq x p e h ur ih q w u d q w v
lqwr xqhpsor|phqw +dv lq Fkdswhu 5,1 Li yduldwlrqv lq wkh frpsrvlwlrq
ri lq rz forvho| iroorz yduldwlrqv lq wkh qxpehu ri hqwudqwv lqwr xqhp0
sor|phqw/ rxu vshflfdwlrq wxuqv rxw wr eh d ehwwhu dowhuqdwlyh wkdq d
qrq0sdudphwulf vshflfdwlrq1 Iru/ rxu sdudphwulf vshflfdwlrq doorzv
wkh xqrevhuyhg frpsrvlwlrq hhfw wr iroorz d wuhqg +l1h1 wkh wuhqg lq
lqflghqfh,/ vhsdudwho| iurp wkh wuhqg lq wkh jhqhudo hhfw1 Lq Fkdswhu
7/ zh hvwlpdwh wkh vwuxfwxudo irup ri wkh rxw rz udwh e| ohyho ri hgx0
fdwlrq lq wkh suhvhqfh ri mre frpshwlwlrq/ zlwkrxw uho|lqj rq d uhgxfhg
irup vshflfdwlrq1 Wklv hvwlpdwlrq dssurdfk frqgxfwv wr d ehwwhu lq0
whusuhwdwlrq ri rxu sdudphwhu hvwlpdwhv1 Lq dgglwlrq/ zh hvwlpdwh wkh
glvwulexwlrq ri mre rhuv dffruglqj wr wkh uhtxluhg ohyho ri hgxfdwlrq1
Rxu hpslulfdo iudphzrun grhv qrw qhhg wr uho| rq wkh uhsruwv ri hp0
sor|huv ru zrunhuv frqfhuqlqj wkh vnloo uhtxluhphqwv ri d mre/ frqwudu|
wr prvw ri wkh hpslulfdo uhvhdufk rq vnloo plvpdwfk dqg mre frpshwlwlrq1
Wkh sodq ri rxu grfwrudo wkhvlv lv dv iroorzv1 Wkh wkuhh hpslulfdo uh0
vhdufkhv frqgxfwhg lq rxu grfwrudo wkhvlv duh wkh irfxv ri wkh qh{w wkuhh
fkdswhuv1 Dowkrxjk wkhvh fkdswhuv eulqj vlplodulwlhv frqfhuqlqj wkh gdwd/
wkh prgho vshflfdwlrq dqg wkh hvwlpdwlrq dssurdfk/ hdfk fkdswhu fdq
eh uhdg lqghshqghqwo| ri wkh rwkhu fkdswhuv1 Wkh frqfoxvlrq vxppdulvhv
wkh pdlq uhvxowv dqg glvfxvvhv srolf| lpsolfdwlrqv1
22Lq d pl{hg sursruwlrqdo kd}dug prgho erwk wkh revhuyhg dqg xqrevhuyhg h{sodqd0
wru| yduldeohv hqwhu wkh kd}dug pxowlsolfdwlyho|1 Wkh glvwulexwlrq ri wkh xqrevhuyhg
yduldeoh lv fdoohg wkh pl{wxuh +khwhurjhqhlw|, glvwulexwlrq15354
Fkdswhu 5
Gxudwlrq dqg Fdohqgdu
Wlph Ghshqghqfh ri wkh
H{lw Udwh rxw ri
Xqhpsor|phqw lq Ehojlxp1
Lv lw Wuxh ru VsxulrxvB
514 Lqwurgxfwlrq
Ilqglqj dq h{sodqdwlrq iru wkh ulvh dqg shuvlvwhqfh ri Hxurshdq xq0
hpsor|phqw kdv ehhq rqh ri wkh pdlq uhvhdufk surjudpphv ri oderxu
hfrqrplvwv wkh odvw ghfhqqld1 Wklv vwxg| dlpv dw frqwulexwlqj wr wklv
olwhudwxuh e| txhvwlrqlqj wkh fdxvhv ri xqhpsor|phqw ghshqghqf| lq
Ehojlxp/ pruh vshflfdoo| lq Zdoorqld/ wkh Iuhqfk vshdnlqj uhjlrq lq
wkh Vrxwk41 Wkh fdvh ri Ehojlxp lv sduwlfxoduo| lqwhuhvwlqj/ vlqfh wkh
vkduh ri orqj0whup xqhpsor|phqw lq wklv frxqwu| lv rqh ri wkh kljkhvw lq
Hxursh1 Gxulqj wkh 4<;604<<9 shulrg wklv vkduh kdv shdnhg wr d ohyho ri
9;( lq 4<;95 dqg kdv rqo| ehhq voljkwo| ehorz 93( gxulqj wkh uhfhvvlrq
￿Ehojlxp lv glylghg lqwr wkuhh uhjlrqv= Zdoorqld/ Iodqghuv dqg Euxvvhov1
2Wklv jxuh jlyhv wkh vkduh ri wkh xqhpsor|hg zrunhuv zkr kdyh ehhq xqhpsor|hg
pruh wkdq rqh |hdu1 Zrunhuv duh khuh ghqhg wr eh xqhpsor|hg li wkh| duh ixoo0wlph
uhjlvwhuhg/ duh hqwlwohg wr xqhpsor|phqw ehqhwv dqg duh dfwlyho| orrnlqj iru d mre155 Fkdswhu 5
ri wkh hduo| qlqhwlhv61
Lw lv sduwlfxoduo| lpsruwdqw wr xqghuvwdqg zkdw gulyhv wklv ghshqghqfh1
Grhv xqhpsor|phqw ghshqghqf| e| lwvhoi lqfuhdvh wkh olnholkrrg ri ix0
wxuh ghshqghqf|B Surorqjhg xqhpsor|phqw pd| lqgxfh d surfhvv ri
vnloo ghwhulrudwlrq dqg ghprwlydwlrq ru pd| eh xvhg dv d uhfuxlwphqw
fulwhuld e| wkh hpsor|huv +iru d vxuyh| ri wkh cwuxh* qhjdwlyh gxudwlrq
ghshqghqfh h{sodqdwlrqv/ vhh Pdfklq dqg Pdqqlqj 4<<<,1 Ru lv wkh qhj0
dwlyh gxudwlrq ghshqghqfh wkdw zh revhuyh iru dq| frkruw ri xqhpsor|hg
vsxulrxv/ l1h1 jhqhudwhg e| d surfhvv ri vruwlqjB Wkh lqglylgxdov zlwk wkh
prvw idyrxudeoh fkdudfwhulvwlfv  rz iurp xqhpsor|phqw udslgo| ohdylqj
ehklqg wkh corz vnloohg* zrunhuv1 Wklv vruwlqj surfhvv fdxvhv wkh djjuh0
jdwh h{lw udwh wr ghfuhdvh vsxulrxvo| zlwk gxudwlrq/ dv wkh djjuhjdwh h{lw
udwh lv vlpso| htxdo wr wkh dyhudjh h{lw udwh ri wkrvh uhpdlqlqj xqhp0
sor|hg1 Dowkrxjk wkhvh txhvwlrqv duh rog +vhh Vdodqw 4<::/ Qlfnhoo 4<:</
Odqfdvwhu 4<:<,/ glvhqwdqjolqj wuxh iurp vsxulrxv gxudwlrq ghshqghqfh
uhpdlqv kljko| uhohydqw iurp d srolf| srlqw ri ylhz1
Wkh uvw dlp ri wklv fkdswhu lv wr lqyhvwljdwh zkdw fdxvhv wkh djjuh0
jdwh kd}dug hvwlpdwhg lq Zdoorqld wr ghfolqh ryhu gxudwlrq1 D qxpehu
ri uhvhdufkhuv kdyh vwxglhg wklv txhvwlrq iru Ehojlxp +vhh Vslqqhz|q
4<;5/ Sodvpdq 4<<6 dqg Pdk| 4<<7,1 Wkh| qg wkdw wkh qhjdwlyh gx0
udwlrq ghshqghqfh lv frpsohwho| vsxulrxv1 Wkh kd}dug udwh lqfuhdvhv
vljqlfdqwo| rqfh xqrevhuyhg khwhurjhqhlw| lv wdnhq lqwr dffrxqw1 Krz0
hyhu/ lq ylhz ri wkh vwurqj sdudphwulf dvvxpswlrqv uhjduglqj erwk wkh
edvholqh kd}dug +Zhlexoo, dqg wkh pl{lqj glvwulexwlrq +Jdppd,/ wkhvh
uhvxowv duh olnho| wr eh eldvhg1 Wkh hylghqfh iurp rwkhu Hxurshdq vwxg0
lhv rq gxudwlrq ghshqghqfh dqg khwhurjhqhlw| vhhpv wr frqyhujh wr wkh
vdph frqfoxvlrq +iru d uhfhqw uhylhz/ vhh Pdfklq dqg Pdqqlqj 4<<<,=
Rqfh frqwuroolqj iru +revhuyhg dqg xqrevhuyhg, khwhurjhqhlw|/ wkhuh lv
qr pdunhg hylghqfh ri wuxh qhjdwlyh gxudwlrq ghshqghqfh ri wkh h{lw
udwh rxw ri xqhpsor|phqw lq prvw Hxurshdq frxqwulhv/ olnh Iudqfh/ wkh
Qhwkhuodqgv/ Jhupdq|/ Dxvwuld/ Vsdlq/ Ghqpdun dqg wkh Vfdqglqdyldq
frxqwulhv1 Rqh h{fhswlrq wr wklv frqfoxvlrq lv wkh Xqlwhg Nlqjgrp zkhuh
wkh frqglwlrqdo kd}dug glvsod|v vwurqj qhjdwlyh gxudwlrq ghshqghqfh1
Wkh vhfrqg dlp ri wklv fkdswhu lv wr vwxg| wkh f|folfdo dqg wkh vhd0
vrqdo ehkdylrxu ri wkh h{lw udwh rxw ri xqhpsor|phqw lq Zdoorqld1 Wkh
￿Qrwh wkdw wkhvh jxuhv duh vrphzkdw kljkhu lq Zdoorqld1Fkdswhu 5 56
kd}dug udwh rxw ri xqhpsor|phqw lv jhqhudoo| irxqg wr eh surf|folfdo1
Wklv g|qdplf  xfwxdwlrq lq wkh dyhudjh xqhpsor|phqw gxudwlrq fdq
e hh { s o d l q h ge |y d u l d w l r q vl qw k ht x d o l w |r ih q w u d q w vl q w rx q h p s o r | 0
phqw udwkhu wkdq e| wkh hhfw ri wkh exvlqhvv f|foh rq wkh h{lw udwh ri
doo fxuuhqwo| xqhpsor|hg zrunhuv1 Iru lqvwdqfh/ li zrunhuv zlwk pruh
idyrxudeoh oderxu pdunhw fkdudfwhulvwlfv/ vd| ckljk vnloohg* zrunhuv/ duh
ohvv +pruh, olnho| wr hqwhu xqhpsor|phqw lq d grzqwxuq +xswxuq,/ zkloh
wkh corz vnloohg* zrunhuv idfh dozd|v wkh vdph ulvn ri orvlqj wkhlu mre/
wkhq wklv fkdqjh lq wkh frpsrvlwlrq ri wkh xqhpsor|hg frxog sduwo| h{0
s o d l qw k hs u r f | f o l f d oy d u l d w l r ql qw k hk d } d u gu d w h 71 Li wklv frpsrvlwlrqdo
hhfw lv lpsruwdqw/ wkhq wkh corz vnloohg* zrunhuv ehqhw ohvv iurp dq
hfrqrplf uhfryhu| wkdq zkdw djjuhjdwh vwdwlvwlfv rq wkh f|folfdo hyrox0
wlrq ri wkh kd}dug udwh rxw ri xqhpsor|phqw vxjjhvw1 Lq rughu wr dqvzhu
wklv txhvwlrq zh wu| wr glvhqwdqjoh wkh jhqhudo hhfw ri wkh exvlqhvv f|0
foh +dqg wkh vhdvrqv, rq wkh kd}dug/ dhfwlqj doo xqhpsor|hg zrunhuv
lq wkh vdph sursruwlrq/ iurp lwv frpsrvlwlrqdo hhfw1 Jlyhq wkh uhfhqw
lqwhuhvw ri Hxurshdq uhvhdufkhuv lq wklv txhvwlrq/ wkhuh duh ihz vwxglhv
rq wkh exvlqhvv f|foh hhfw rq xqhpsor|phqw gxudwlrq lq Hxursh81D e 0
eulqj hw do1 +5334d, dqg Urvkrop +5334,/ uhvshfwlyho| iru Iudqfh dqg
Ghqpdun/ frqfoxgh wkdw frpsrvlwlrqdo hhfwv duh ri plqru lpsruwdqfh1
Rq wkh rwkhu kdqg/ Ndozlm +5334, qgv wkdw f|folfdo  xfwxdwlrqv lq wkh
txdolw| ri hqwudqwv dffrxqw iru d vljqlfdqw sduw ri wkh f|folfdolw| lq wkh
djjuhjdwh rxw rz udwh iru wkh Xqlwhg0Nlqjgrp1
Wkh dqdo|vlv ri wklv vwxg| lv edvhg rq djjuhjdwh gdwd1 Zh revhuyh wkh
txduwhuo| h{lw udwhv ri pdoh zrunhuv  rzlqj lqwr xqhpsor|phqw ehwzhhq
Mxqh 4<;< dqg Ghfhpehu 4<<61 Xvlqj wklv w|sh ri djjuhjdwh gdwd/ De0
eulqj/ Ydq ghq Ehuj dqg Ydq Rxuv +5334d, ghyhorshg dq hvwlpdwlrq
phwkrg doorzlqj iru d qrq0sdudphwulf vshflfdwlrq ri erwk wkh glvwul0
exwlrq ri gxudwlrq dqg ri xqrevhuyhg lqglylgxdo fkdudfwhulvwlfv1 Wkh|
suryh wkdw wkh prgho lv lghqwlhg li wkh xqghuo|lqj gdwd duh jhqhudwhg
e| d glvfuhwh wlph surfhvv dqg li wkh kd}dug lv vshflhg dv d Pl{hg
eGdue| hw do1 +4<;8, dqg Urvkrop +5334, uhihu wr fkdqjlqj sursruwlrqv ri yro0
xqwdu| txlwwhuv +cmre vkrsshuv*, dqg odlg r zrunhuv +cfduhhu pdnhuv*, ryhu wkh f|foh
udwkhu wkdq wr sursruwlrqv ri ckljk* dqg corz vnloohg* zrunhuv1
DKrzhyhu/ wklv txhvwlrq kdv sx}}ohg Dphulfdq uhvhdufkhuv vlqfh wkh plg 4<;3v
douhdg| +vhh h1j1 Gdue| hw do1 4<;8/ Vlghu 4<;8/ G|qduvnl dqg Vkhulq 4<<3/ Ednhu
4<<5/ Lpehqv hw do1 4<<6,157 Fkdswhu 5
Sursruwlrqdo Kd}dug +PSK, prgho91 Lq wklv vwxg|/ zh fkrrvh erwk wr
ghsduw iurp wkhlu prgholqj dvvxpswlrqv dqg wr dsso| dqrwkhu phwkrg
ri hvwlpdwlrq1
Deeulqj/ Ydq ghq Ehuj dqg Ydq Rxuv +5334d, dvvxph wkdw wkh gdwd duh
jhqhudwhg e| d glvfuhwh wlph surfhvv1 Lw lv zhoo nqrzq +vhh h1j1 Iolqq dqg
Khfnpdq 4<;5/ s186089, wkdw vxfk dvvxpswlrq lpsolhv wkdw wkh sdudph0
whuv duh qrw lqyduldqw wr wkh wlph xqlw fkrvhq1 Frqvhtxhqwo|/ frqvlvwhqf|
uhtxluhv wkdw wkh wlplqj ri wkh xqghuo|lqj vwrfkdvwlf gxudwlrq surfhvv
frlqflghv zlwk wkh dfwxdo jurxslqj ri wkh gdwd:1L qr u g h uw rd y r l gw k l v
sureohp/ zh vshfli| wkh glvfuhwh0wlph surfhvv dv d frqwlqxrxv0wlph prgho
+vhh h1j1 Ydq ghq Ehuj dqg Ydq ghu Noddxz 5334,1
Wkh PSK vshflfdwlrq lv vwdqgdug lq wkh olwhudwxuh1 Zh uhod{ lw lq wzr
zd|v1 Iluvw/ zh doorz wkh kd}dug wr ydu| qrq0sursruwlrqdoo| ehwzhhq wzr
vxe0shulrgv/ l1h1 ehwzhhq d errp dqg d uhfhvvlrq1 Wkh uhdvrq iru grlqj
vr/ lv wkdw li wuxh qhjdwlyh gxudwlrq ghshqghqfh lv fdxvhg e| udqnlqj/
d uhfuxlwphqw uxoh zklfk frqvlvwv lq klulqj wkh +xqhpsor|hg, fdqglgdwh
zlwk wkh vkruwhvw xqhpsor|phqw gxudwlrq/ wkh lqglylgxdo h{lw udwh lv suh0
glfwhg wr ydu| qrq0sursruwlrqdoo| ryhu wkh exvlqhvv f|foh= Lw zloo ghfolqh
pruh udslgo| wkh pruh ghsuhvvhg lv wkh oderxu pdunhw +vhh Eodqfkdug
4<<4/ Eodqfkdug dqg Gldprqg 4<<7/ dqg Deeulqj hw do1 4<<:,1 E|
frqvlghulqj dq lqwhudfwlrq hhfw ehwzhhq wkh gxudwlrq dqg wkh f|folfdo
ghshqghqfh ri wkh kd}dug/ zh fdq whvw wkh udqnlqj k|srwkhvlv1 Pruh0
ryhu/ zh vkrz wkdw ljqrulqj vxfk d qrq0sursruwlrqdolw| pd| ohdg wr dq
xqghuhvwlpdwlrq ri wkh xqrevhuyhg khwhurjhqhlw|1 Iru wklv prgho wr eh
qrq0sdudphwulfdoo| lghqwlhg/ zh lpsrvh wzr hvvhqwldo dvvxpswlrqv= +l,
W k hp r g h ol vd v v x p h gw re hP S Kzlwklq wkh wzr vxe0shulrgv +errp
dqg uhfhvvlrq, dqg +ll, zh dvvxph wkdw rqh uhjuhvvru/ dq lqglfdwru ri wkh
e x v l q h v vf | f o hd ww k hw l p hr il q  r z /y d u l h vf r q w l q x r x v o |r y h uw k hv h wr i
uhdo qxpehuv1 Wkh odwwhu lv uhtxluhg/ vlqfh wkh gdwd duh jurxshg ryhu
gxudwlrq +vhh Ulgghu 4<<3,1
Vhfrqg/ wkh PSK vshflfdwlrq dvvxphv wkdw wkh exvlqhvv f|foh dw wkh
wlph ri h{lw lq xhqfhv wkh kd}dug ri doo frkruwv/ wkdw lv ri doo gxudwlrq
SLq d PSK prgho erwk wkh revhuyhg dqg xqrevhuyhg h{sodqdwru| yduldeohv hqwhu
wkh kd}dug pxowlsolfdwlyho| +vhh h1j1 Ulgghu 4<<3,1
.Wkh dxwkruv duh dzduh ri wklv sureohp dqg whvw wkh ydolglw| ri wklv dvvxpswlrq
+vhh h1j1 Ydq ghq Ehuj dqg Ydq Rxuv 4<<7/ s176:,1Fkdswhu 5 58
fodvvhv dw wklv lqvwdqw/ zlwk wkh vdph idfwru ri sursruwlrqdolw|1 Zh jhq0
hudolvh e| doorzlqj iru udqgrp ghyldwlrqv iurp wklv vshflfdwlrq/ l1h1 e|
lqwurgxflqj frkruw0vshflf udqgrp exvlqhvv f|foh hhfwv dw wkh wlph ri
h{lw1 Pruhryhu/ li rqh vxssrvh wkdw frkruwv duh hdfk rwkhu*v lpshuihfw
vxevwlwxwhv/ wkhq dq lqfuhdvh +ghfuhdvh, lq wkh kd}dug ri rqh sduwlfxodu
frkruw vsloov ryhu wr wkh rwkhu frkruwv1 Li zh dvvxph wkdw wkh ghjuhh
ri vxevwlwxwdelolw| ghfuhdvhv zlwk wkh glhuhqfh ri wkh hodsvhg gxudwlrq
ehwzhhq wkh dhfwhg dqg qrq0dhfwhg frkruwv/ wkhq wklv vxevwlwxwlrq
lqgxfhv/ iru dq| {hg h{lw wlph/ wkh prgho uhvlgxdov wr eh srvlwlyho|
dxwrfruuhodwhg zlwk gxudwlrq1 Zh zloo vkrz ehorz wkdw iru rxu gdwd
wkh fruuhodwlrq vwuxfwxuh ri wkh uhvlgxdov lv frpsdwleoh zlwk wklv w|sh ri
vshflfdwlrq huuru1
Rxu prgholqj dvvxpswlrqv dovr glhu iru dqrwkhu uhdvrq1 Zh doorz
wkh revhuyhg h{lw suredelolw|; wr ghyldwh udqgrpo| iurp lwv wkhruhwlfdo
frxqwhusduw lq wkh srsxodwlrq vlqfh wklv iudfwlrq lv fdofxodwhg rq wkh
edvlv ri d qlwh srsxodwlrq1 Dv wkh vl}h ri wklv srsxodwlrq ydulhv ryhu
wkh revhuydwlrqv/ wklv lqgxfhv dq khwhurvnhgdvwlf huuru whup1 Wklv lv qh0
johfwhg e| Deeulqj hw do1 +5334d,1 Wkhlu dssurdfk fdq eh mxvwlhg lq
wzr zd|v1 Iluvw/ wkh| fkrrvh wr hydoxdwh wkh h{whqw ri gxudwlrq ghshq0
ghqfh dqg khwhurjhqhlw| iru wkh srsxodwlrq wkh| revhuyh1 Lq rxu vwxg|/
zh pdnh lqihuhqfh iru dq k|srwkhwlfdo vxshu0srsxodwlrq zklfk hqfrp0
sdvvhv rxu revhuyhg srsxodwlrq1 Vhfrqg/ li wkhuh duh pdq| xqhpsor|hg
lq hdfk gxudwlrq lqwhuydo/ wkh vdpsolqj +dssur{lpdwlrq, huuruv zloo eh
vpdoo1 Vlqfh Deeulqj hw do1 +5334d, xvh gdwd rq odujhu frxqwulhv +dv frp0
sduhg wr Zdoorqld, dqg iru rqo| wkh uvw gxudwlrq txduwhuv ru prqwkv
+xs wr dw prvw rqh |hdu,/ wkhlu prgholqj dvvxpswlrq fdq eh mxvwlhg1
Wkh dssur{lpdwlrq huuruv duh olnho| wr eh odujhu lq rxu vwxg| vlqfh zh
dqdo|vh d vpdoohu srsxodwlrq ri xqhpsor|hg zrunhuv dqg zh frqvlghu xs
wr 4; txduwhuv ri xqhpsor|phqw<1
Vlqfh wkh glvwulexwlrq ri wkh djjuhjdwh h{lw suredelolwlhv lv nqrzq/
Pd{lpxp Olnholkrrg +PO, vhhpv wr eh wkh prvw dssursuldwh hvwlpd0
wlrq phwkrg1 Qhyhuwkhohvv/ zh fkrrvh lqvwhdg wkh Plqlpxp Fkl0Vtxduh
phwkrg +Ehunvrq 4<77/ Dphpl|d 4<;4> iru dq dssolfdwlrq rq wudqvlwlrq
HWkh iudfwlrq ri lqglylgxdov zlwk d jlyhq xqhpsor|phqw gxudwlrq dw d sduwlfxodu
fdohqgdu wlph zkr ohdyh xqhpsor|phqw lq wkh qh{w shulrg1
bWkh vl}h ri wkh jurxsv ghfuhdvhv vkduso| zlwk gxudwlrq159 Fkdswhu 5
gdwd/ vhh Frfn{ 4<<:,1 Lq d qxwvkhoo/ wklv phwkrg frqvlvwv lq uhjuhvvlqj
wkh revhuyhg h{lw suredelolwlhv wr wkhlu wkhruhwlfdo frxqwhusduwv lq wkh
srsxodwlrq1 Wklv phwkrg kdv wzr pdlq dgydqwdjhv1 Iluvw/ lw lv pruh
urexvw1 Vhfrqg/ lw fdq pruh hdvlo| dffrpprgdwh udqgrp vshflfdwlrq
ru phdvxuhphqw huuruv +vhh Dphpl|d dqg Qrog 4<:8/ Frfn{ dqg Ulgghu
5334,431
Wkh edvholqh kd}dug lv vshflhg dv slhfhzlvh0frqvwdqw1 Uhodwhg wr rxu
remhfwlyh wr glvhqwdqjoh frpsrvlwlrqdo iurp jhqhudo hhfwv ri wkh fdo0
hqgdu wlph rq wkh rxw rz udwh/ zh doorz wkh phdq dqg wkh yduldqfh ri
wkh pl{lqj glvwulexwlrq wr ydu| +sursruwlrqdoo|, ryhu vhdvrqv dqg wkh
exvlqhvv f|foh1 Lq wkh ehqfkpdun prgho wkh pl{lqj glvwulexwlrq lv dv0
vxphg wr eh Jdppd1 Zh frpsduh rxu qglqjv zlwk wkrvh irxqg zlwk
d qrq0sdudphwulf vshflfdwlrq ri wkh pl{lqj glvwulexwlrq/ dv dssur{l0
p d w h ge |r q hz l w kdg l v f u h w hq x p e h ur is r l q w vr iv x s s r u w+ v h hK h f n p d q
dqg Vlqjhu 4<;7/ Ednhu dqg Pholqr 5333,1
Wkh sodq ri wkh fkdswhu lv dv iroorzv1 Wkh qh{w vhfwlrq ghvfulehv wkh
gdwd dqg lqwurgxfhv wkh pdlq qrwdwlrqv dqg dvvxpswlrqv1 Lq d wklug
vhfwlrq zh whvw zkhwkhu wkh PSK vshflfdwlrq lv frpsdwleoh zlwk rxu
gdwd1 Wkh irxuwk vhfwlrq lv ghyrwhg wr wkh ghulydwlrq ri rxu jhqhudolvd0
wlrq ri wkh PSK prgho1 Wkh hvwlpdwlrq uhvxowv duh glvfxvvhg lq Vhfwlrq
5181 Wkh frqfoxglqj sduw vxppdulvhv rxu qglqjv1
515 Gdwd/ qrwdwlrqv dqg dvvxpswlrqv
Rxu dqdo|vlv h{sorlwv txduwhuo| fhqvxv gdwd uhodwlyh wr wkh pdoh xqhp0
sor|hg lq Zdoorqld dqg vwudwlhg e| d olplwhg qxpehu ri fkdudfwhulvwlfv=
Wkh txduwhu ri lq rz/ wkh xqhpsor|phqw gxudwlrq dqg wkh djh jurxs
+ohvv wkdq 5< |hduv rog/ dqg ehwzhhq 5< dqg 77 |hduv rog,1
Zrunhuv duh ghqhg wr eh xqhpsor|hg li wkh| duh r!fldoo| uhjlvwhuhg
dv ixoo0wlph xqhpsor|hg dqg li d vx!flhqwo| orqj hpsor|phqw uhfrug hq0
wlwohv wkhp wr xqhpsor|phqw ehqhwv1 Wkh lq rz lq d jlyhq txduwhu lv
htxdo wr wkh qxpehu ri zrunhuv zkr hqwhuhg xqhpsor|phqw iru wkh uvw
wlph ru diwhu dq h{lw ri dw ohdvw wkuhh prqwkv dqg zkr duh vwloo xqhp0
￿fD wklug uhdvrq wr suhihu wkh hvwlpdwlrq phwkrg sursrvhg lq wklv vwxg| lv wkdw lq
frqwudvw wr wkh rqh sursrvhg e| Ydq ghq Ehuj dqg Ydq Rxuv +4<<7,/ lwv frpsxwdwlrqdo
frpsoh{lw| grhv qrw lqfuhdvh zlwk wkh qxpehu ri gxudwlrq lqwhuydov1Fkdswhu 5 5:
sor|hg dw wkh hqg ri wkh txduwhu lq zklfk wkh| hqwhu441 Wkh revhuydwlrq
shulrg frqvlvwv ri 4< txduwhuo| lqwhuydov45/ wkh uvw lqwhuydo vwduwlqj rq
wkh 4|￿ ri Mxqh 4<;</ wkh odvw rqh hqglqj rq wkh 5;|￿ ri Iheuxdu| 4<<71
Vr wkhuh duh 4; frkruwv ri xqhpsor|hg46 +d frkruw ehlqj ghqhg e| lwv
txduwhu ri lq rz,/ vwudwlhg e| djh jurxs1 Iru hdfk frkruw/ wkh rxw rzv
rxw ri xqhpsor|phqw duh frxqwhg rq d txduwhuo| edvlv/ iurp wkh wlph ri
l q  r zx q w l ow k hh q gr iI h e u x d u |4 < < 7 /w k hg d w hd wz k l f kd o ov s h o o vd u h




q @ 4:4 krprjhqhrxv fhoov1
Wkh gdwd gr qrw doorz xv wr glvwlqjxlvk ehwzhhq xqhpsor|phqw vshoov
hqglqj lq hpsor|phqw/ sduwlflsdwlrq lq oderxu pdunhw surjudpphv ru
zlwkgudzdo iurp wkh oderxu irufh1 Wklv lv qrw olnho| wr eldv rxu uhvxowv
iru wzr uhdvrqv1 Iluvw/ hpsor|phqw lv wkh prvw iuhtxhqw vwdwh ri h{lw iru
wkh pdoh xqhpsor|hg zrunhuv= Derxw ::( ri wkhp ehfrph hpsor|hg/
djdlqvw 7:( iru wkh zrphq +vhh IRUHP 4<<8,1 Lq rxu vdpsoh/ wkh iudf0
wlrq ri phq  rzlqj wr hpsor|phqw pxvw eh odujhu1 Iru/ wkh uhsruwhg
jxuh lqfoxghv xqhpsor|hg zrunhuv roghu wkdq 77 |hduv1 Wkhvh zrunhuv
riwhq hqwhu d nlqg ri hduo|0uhwluhphqw vfkhph/ d srolf| khdylo| xvhg diwhu
wkh plg hljkwlhv lq Ehojlxp iru roghu zrunhuv1 Vhfrqg/ wkh shulrg ri hq0
wlwohphqw wr ehqhwv lv lq sulqflsoh lqghqlwh lq Ehojlxp1 Rqh h{fhswlrq
wr wklv uxoh frqfhuqv wkh frkdelwdqwv +h1j1 olylqj zlwk d zrunlqj sduwqhu
ru zlwk wkhlu sduhqwv,1 Wkh| fdq orvh hqwlwohphqwv rq jurxqgv ri ch{fhv0
vlyh* xqhpsor|phqw gxudwlrq1 Krzhyhu wkh gxudwlrq wkuhvkrog lv eh|rqg
wkh pd{lpxp xqhpsor|phqw gxudwlrq lq rxu gdwd vhw +4; txduwhuv,/ vr
wkdw wklv vdqfwlrq lv qrw olnho| wr lq xhqfh wkh sdwwhuq ri wkh gxudwlrq
ghshqghqfh ri wkh rxw rz udwh lq rxu dqdo|vlv1
Lq wkh vhtxho/ wkh yduldeohv o dqg w ghqrwh uhvshfwlyho| wkh fdohqgdu wlph
dw wkh prphqw ri lq rz dqg xqhpsor|phqw gxudwlrq1 Wkhvh yduldeohv
d u hp h d v x u h gl qt x d u w h u v 1W k hz d |w k hl q  r zl vf r q v w u x f w h gl qr x ug d w d
uhtxluhv xv wr prgho fdohqgdu wlph dw wkh prphqw ri lq rz/ o/d vd
￿￿Wkhvh uhvwulfwlrqv doorz wr qhjohfw whpsrudu| h{lwv +iru dgplqlvwudwlyh uhdvrqv
iru h{dpsoh,1
￿2Irxu txduwhuv duh ghqhg= +Mxq/Mxo/Dxj,> +Vhs/Rfw/Qry,> +Ghf/Mdq/Ihe,>
+Pdu/Dsu/Pd|,1
￿￿Wkhuh duh 4; frkruwv lqvwhdg ri 4< dv wkhuh lv/ e| ghqlwlrq/ qr h{lw ghqhg iru
wkrvh hqwhulqj wkh xqhpsor|phqw srro lq wkh 4<
|￿ txduwhu15; Fkdswhu 5
glvfuhwh wlph surfhvv1 Zh kdyh wkdw o 5i 3>4>===>4:j dqg e| ghqlwlrq/
wkdw w  3 dw wkh prphqw ri lq rz o1
Dowkrxjk zh dqdo|vh glvfuhwh gdwd/ zh wuhdw xqhpsor|phqw gxudwlrq/ w/
dv d frqwlqxrxv0wlph surfhvv1 Vr/ w 5 Un1 Rwkhuzlvh/ wkh vshflfdwlrq
z r x o ge hv h q v l w l y hw rw k hf k r v h qg x u d w l r ql q w h u y d o+ v h hI o l q qd q gK h f n 0
pdq 4<;5,1 Plvvshflhg gxudwlrq lqwhuydov/ l1h1 qrw frqvlvwhqw zlwk wkh
xqhpsor|hg ehkdylrxu/ zrxog wkhq ohdg wr qrq0sursruwlrqdolw|/ ylrodwlqj
wkh PSK vshflfdwlrq lpsrvhg ehorz471
Z hw k h qg h q r w hw k hk d } d u gr id ql q g l y l g x d ox q h p s o r | h gi r uw txduwhuv
dqg dw ulvn ri ohdylqj xqhpsor|phqw dw fdohqgdu wlph o . w/ frqglwlrqdo
rq xqphdvxuhg fkdudfwhulvwlfv y/e | =
k+wmo . w>y, +514,









Khuh dqg lq wkh vhtxho/ wkh fdohqgdu wlph ghshqghqfh lv lpsolflw lq wkh
qrwdwlrq ri wkh vxuylyru ixqfwlrq1
Zh wkhq vshfli| d pl{hg sursruwlrqdo kd}dug +PSK, prgho lq zklfk zh
lpsrvh d frqwlqxrxv edvholqh kd}dug dqg frqvwdqw fdohqgdu wlph hhfwv
zlwklq txduwhuo| lqwhuydov=
;w 5 ^n 4>n,=k+wmo . w>y, @ h{s^*￿ +n,.*2+o . n,`y  k&,y +516,
zkhuh yA3>n5i 4>===>4;j/ *￿+n,@
& U
&3￿
*￿ +w,gw dqg wkh ixqfwlrqv
*￿+=, dqg *2 +=, uhsuhvhqw uhvshfwlyho| wkh gxudwlrq dqg fdohqgdu wlph
ghshqghqfh ri wkh frqglwlrqdo kd}dug1
￿eQrwh wkdw wkh surfhvv lv frqwlqxrxv h{fhsw iurp frqglwlrqlqj rq vxuylydo wkurxjk
wkh txduwhu ri hqwu| lqwr xqhpsor|phqw1 D cjhqxlqh* frqwlqxrxv wlph surfhvv zrxog
uhtxluh prgholqj vshoov wkdw vwduw dqg hqg zlwklq wkh vdph txduwhu1 Wklv zrxog
vxevwdqwldoo| frpsolfdwh rxu vshflfdwlrq1Fkdswhu 5 5<
Zh dvvxph wkdw fdohqgdu wlph dw wkh prphqw ri lq rz dhfwv wkh vkdsh
ri wkh pl{lqj glvwulexwlrq +vhh Deeulqj hw do1 5334d,1 Xvlqj +515, dqg













zkhuh I, +=, lv wkh khwhurjhqhlw| glvwulexwlrq1 Ehorz/ zh zloo vshfli| wklv
glvwulexwlrq dv zhoo dv krz lw ghshqgv rq fdohqgdu wlph dw wkh lq rz1








zkhuh ￿& l vw k hN u r q h f n h ug h o w dd q gz k h u hz hl p s r v hw k d w;m A 45 =
￿ @ ￿21 Wkh odwwhu uhvwulfwlrq lv lpsrvhg wr dyrlg huudwlf ehkdylrxu
ri wkh sdudphwhuv lqgxfhg e| d wrr vpdoo qxpehu ri revhuydwlrqv dw wkh
wdlo ri wkh gxudwlrq glvwulexwlrq1
L qw k ho l q hr iD e e u l q jhw do1 +5334e,/ zh uhsuhvhqw wkh fdohqgdu wlph
ghshqghqfh ri wkh kd}dug/ *2+o . n,/ e| wkh iroorzlqj  h{leoh sdudphw0
u l fv s h f l  f d w l r q /z k h u hz hg h f r p s r v h*2 +o . n, lqwr d f|folfdo sduw/
*2S +o .n,/ dqg d vhdvrqdo sduw/ *2r +o . n,=
*2S +o . n,@
D S
￿’￿
S￿s￿ +o . n,
*2r +o . n,@
e S
@’2
+r@  f,v+o . n, +519,
Wkh hhfw ri fdohqgdu wlph dw wkh rxw rz rq wkh kd}dug lv uhsuhvhqwhg e|
d  h{leoh iwk ghjuhh sro|qrpldo lq fdohqgdu wlph/ s￿ +o . n,/f d s w x u l q j
exvlqhvv f|foh hhfwv48/ dqg e| gxpp| yduldeohv/ v+o . n,/f d s w x u l q j
vhdvrqdo hhfwv1 Wr dyrlg pxowl0froolqhdulw| sureohpv/ zh iroorz Deeulqj
￿DD iwk ghjuhh sro|qrpldo vkrxog wudfn wkh exvlqhvv f|foh ghshqghqfh ri wkh kd}0
dug lq d  h{leoh zd|1 Qrwh/ lq rughu wr dyrlg wkh lqflghqwdo sdudphwhu sureohp/ wkh
qxpehu ri ghjuhhv vkrxog eh frqvwdqw ru dw ohdvw lqfuhdvh dw d vorzhu udwh wkdq wkh63 Fkdswhu 5
hw do1 +5334e, dqg xvh wkh ruwkrjrqdo Fkhe|vkhy sro|qrpldo lqvwhdg ri
dq ruglqdu| sro|qrpldo491
516 Whvwlqj wkh sursruwlrqdolw| dvvxpswlrq
51614 Vwdwlvwlfdo prgho
Lqwxlwlyho|/ wkh suhvhqfh ri khwhurjhqhlw| lq d sursruwlrqdo kd}dug prgho/
vxfk dv ghqhg lq +516,/ lpsolhv d ghfuhdvh lq wkh djjuhjdwh kd}dug
+l1h1 xqfrqglwlrqdo rq y, zlwk gxudwlrq zklfk lv vorzhu iru orz ydoxh
ri *2+o . n, +h1j1 lq grzqwxuq, dqg idvwhu iru kljk ydoxh ri *2+o . n,
+h1j1 lq xswxuq,1 Lq d wljkw oderxu pdunhw/ wkh lqglylgxdov zlwk d kljk
ydoxh ri y ohdyh xqhpsor|phqw dw d yhu| idvw udwh1 Vr wkh jurxs ri
vxuylyruv lv udslgo| pdgh ri corz vnloohg* lqglylgxdov/ lqgxflqj d vwurqj
qhjdwlyh gxudwlrq ghshqghqfh ri wkh djjuhjdwh kd}dug1 Krzhyhu/ lq d
ghsuhvvhg oderxu pdunhw/ hyhq wkh xqhpsor|hg zlwk wkh ehvw fkdudfwhu0
lvwlfv duh olnho| wr vwd| vrph wlph lq wkdw vwdwh1 Wkh djjuhjdwh h{lw udwh
ghfolqhv rqo| vorzo| ryhu gxudwlrq1
Irupdoo|/ wklv lqwxlwlrq lv/ krzhyhu/ rqo| fruuhfw li wkh gxudwlrq lv vpdoo
+vhh Ydq ghq Ehuj 5334,1 Iru odujhu gxudwlrqv/ wkh vljq ri wklv lqwhu0
dfwlrq ghshqgv rq wkh irup ri wkh khwhurjhqhlw| glvwulexwlrq1 Iru lq0
vwdqfh/ Odqfdvwhu +4<:<, vkrzv wkdw li wkh xqrevhuyhg khwhurjhqhlw| lv
glvwulexwhg Jdppd/ wkh lqwhudfwlrq uhpdlqv dozd|v qhjdwlyh1 Rq wkh
rwkhu kdqg/ iru d glvfuhwh glvwulexwlrq zlwk d qlwh qxpehu ri srlqwv ri
qxpehu ri fdohqghu wlph srlqwv1 Lq wkh odwwhu fdvh/ wkh cjrrg* dv|pswrwlf surshuwlhv
ri wkh hvwlpdwru fdqqrw eh jxdudqwhhg +vhh Jrxulhurx{ dqg Prqiruw 4<<8/ s14;<,1
Krzhyhu/ wklv grhv qrw lpso| wkdw wkh qxpehu ri sdudphwhuv vkrxog qhfhvvdulo| eh
{hg/ vxfk dv Phu} +4<<</ s1666, fodlpv lq khu fulwltxh rq Ydq ghq Ehuj dqg Ydq ghu
Noddxz +5334,1
￿SWkh vhulhv ri Fkhe|vkhy sro|qrpldov lv rewdlqhg dv iroorzv +vhh Deudprzlw} dqg
Vwhjxq 4<:3/ Wdeoh 5516,1 Iluvw/ olqhduo| wudqvirup wkh grpdlq ri fdohqgdu wlph wr wkh
grpdlq ri ruwkrjrqdolw| ri wkh Fkhe|vkhy Sro|qrpldo/ d3co/e |p h d q vr i+ % ' ,n&
dqg %f ' ,=
	 %E%'2
%3%3
?3￿ 3 /z k h u h ? E' H lv wkh qxpehu ri fdohqgdu wlph lqwhuydov frq0
vlghuhg1
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vxssruw/ lw lv fohdu wkdw wkh lqwhudfwlrq pxvw eh srvlwlyh rq vrph udqjh/
vlqfh/ dv w $4 > wkh jurxs ri vxuylyruv ehfrphv krprjhqrxv4: dqg wkh
l q w h u d f w l r qj r h ve d f nw rl w vy d o x hd ww @3 1
W k hP S Kp r g h ol p s o l h v /k r z h y h u /w k d ww k hf x p x o d w l y hl q w h u d f w l r qr i
wkh djjuhjdwh kd}dug ryhu wkh gxudwlrq lqwhuydo ^3>w` lv dozd|v qhjdwlyh
+vhh Ydq ghq Ehuj 5334,1 Lq rxu qrwdwlrq/ ;n 5i 5>6>===>4:j4;/z hp x v w
kdyh wkdw=
C








? 3 iru l@ f> v +51:,
zkhuh k@
￿E&n,3￿￿ lv wkh djjuhjdwh kd}dug lq wkh uvw gxudwlrq txduwhu dw
fdohqgdu wlph o . n1
Zh fdq wkhuhiruh whvw zkhwkhu wkh PSK dvvxpswlrq lv frpsdwleoh zlwk
rxu gdwd e| whvwlqj zkhwkhu vxfk d fxpxodwlyh lqwhudfwlrq hhfw lv qhj0
dwlyh1 Wklv dprxqwv wr dgglqj dq lqwhudfwlrq hhfw/ *￿+n>o . n,/w rd
sursruwlrqdo vshflfdwlrq ri wkh djjuhjdwh kd}dug/ k@
&,=
orj+k@
&,,@*￿ +n,.*2+o . n,.*￿+n>o . n, +51;,
zkhuh *￿+n>o . n, lv vshflhg lq wkh iroorzlqj zd|=







*2￿ +o .n, iru l@ f>v +51<,
Qrwh wkdw wkh lqwhudfwlrq zlwk wkh f|folfdo frpsrqhqw/ f/ lv ghqhg vhs0
dudwho| iurp wkh vhdvrqdo frpsrqhqw/ v1 Zh whvw zkhwkhu #￿ ? 34<1
￿.Doo vxuylyruv kdylqj wkh orzhvw ydoxh  ri wkh srlqwv ri vxssruw1
￿HWkh ghulydwlyh lv qrw ghqhg iru & ' Hdv wkhuh lv rqo| rqh revhuydwlrq iru wklv
gxudwlrq txduwhu1
￿bWkh vshflfdwlrq ri wkh wlph0gxudwlrq lqwhudfwlrq lq +51<, lpsrvhv wkdw wkh fxpx0
odwlyh lqwhudfwlrq hhfw lv prqrwrqlfdoo| ghfuhdvlqj lq gxudwlrq1 Dv douhdg| vwdwhg/
wklv lv frpsdwleoh zlwk d Jdppd/ exw qrw zlwk d glvfuhwh khwhurjhqhlw| glvwulexwlrq1
D vshflfdwlrq wkdw doorzv wkh lqwhudfwlrq wr ydu| qrq0prqrwrqlfdoo| zlwk gxudwlrq
frxog wkhuhiruh jxlgh xv zlwk uhvshfw wr wkh vshflfdwlrq ri wkh khwhurjhqhlw| glvwul0
exwlrq1 Zh wkhuhiruh dovr hvwlpdwhg d prgho lq zklfk zh lqfoxgh d vhfrqg lqwhudfwlrq
sdudphwhu lq *L}
2 E&1 Wkh frh!flhqw ri wklv vhfrqg whup lv/ krzhyhu/ dozd|v yhu|
lpsuhflvho| hvwlpdwhg165 Fkdswhu 5
Wkhuh duh wkhruhwlfdo uhdvrqv wr eholhyh wkdw wkh sursruwlrqdolw| dv0
vxpswlrq vwdwhg lq +516, grhv qrw krog1 Wkh udqnlqj prgho +vhh Eodq0
fkdug 4<<4/ Eodqfkdug dqg Gldprqg 4<<7, lpsolhv wkdw wkh hhfwv ri
gxudwlrq rq wkh frqglwlrqdo h{lw udwh duh vwurqjhu wkh pruh ghsuhvvhg lv
wkh oderxu pdunhw1 Dv wkh vwdwh ri wkh oderxu pdunhw ghwhulrudwhv/ wkh
hpsor|huv srvwlqj ydfdqflhv uhfhlyh pdq| dssolfdwlrqv ri xqhpsor|hg
zrunhuv1 Li hpsor|huv udqn dssolfdqw dffruglqj wr wkhlu hodsvhg xqhp0
sor|phqw gxudwlrq/ frpshwlwlrq dprqj wkh orqj0whup xqhpsor|hg wr
rffxs| d ydfdqf| lv lqfuhdvhg dv frpsduhg wr wkh vlwxdwlrq lq d wljkw
oderxu pdunhw1 Irupdoo|/ Deeulqj hw do1 +4<<:, vkrz wkdw/ frqwudu|
wr wkh PSK prgho/ wkh udqnlqj prgho lpsolhv d srvlwlyh fxpxodwlyh
lqwhudfwlrq hhfw/ l1h1 #￿ A 3 lq +51<,1
Wkh vljq ri #￿ fdq wkhuhiruh rqo| eh lqirupdwlyh rq wkh uhodwlyh lp0
sruwdqfh ri xqrevhuyhg khwhurjhqhlw| dv frpsduhg wr udqnlqj1 Li lw lv
vljqlfdqwo| qhjdwlyh/ xqrevhuyhg khwhurjhqhlw| grplqdwhv dqg wkh gdwd
duh frpsdwleoh zlwk d PSK vshflfdwlrq1 Krzhyhu/ lw grhv qrw h{foxgh
wkdw udqnlqj lv dw zrun vlpxowdqhrxvo|1 Lq vxfk flufxpvwdqfhv/ d PSK
vshflfdwlrq/ hyhq li lw zloo lghqwli| vrph vsxulrxv qhjdwlyh gxudwlrq
ghshqghqfh/ zloo xqghuhvwlpdwh wkh h{whqw wr zklfk wkh gxudwlrq ghshq0
ghqfh lv vsxulrxv1 Zh looxvwudwh wklv lq wkh qh{w vhfwlrq e| lqwurgxflqj
dq lqwhudfwlrq whup ehwzhhq gxudwlrq dqg wzr vxe0shulrgv/ rqh fryhulqj
dq xswxuq dqg wkh rwkhu d grzqwxuq ri wkh exvlqhvv f|foh1
Wkh udqnlqj prgho ri Eodqfkdug dqg Gldprqg +4<<7, lv exlow rq wkh
dvvxpswlrq wkdw zrunhuv kdyh qr/ ru rqo| revhuyhg/ txdolw| glhuhqfhv1
Krzhyhu/ wkhlu suhglfwlrq rq wkh wlph0gxudwlrq lqwhudfwlrq lpsolhg e|
udqnlqj pd| qrw krog lq d prgho lq zklfk hpsor|huv revhuyh wkh vnloo
suroh ri zrunhuv lqfrpsohwho|1 Lq wkdw fdvh/ Orfnzrrg +4<<4, suhglfwv
d qhjdwlyh lqwhudfwlrq ehwzhhq wkh gxudwlrq ghshqghqfh ri wkh frqgl0
wlrqdo h{lw udwh dqg wkh vwdwh ri wkh oderxu pdunhw1 Lq klv iudphzrun/
wkh hpsor|huv udqn dssolfdqwv dffruglqj wr wkhlu hodsvhg gxudwlrq eh0
fdxvh d orqj xqhpsor|phqw vshoo vljqdov orz surgxfwlylw|1 Vlqfh wkh
zhhglqj rxw ri kljk surgxfwlyh lqglylgxdov lv idvwhu lq d errp wkdq lq d
uhfhvvlrq +vhh deryh lq wkh wh{w,/ wkh hpsor|huv zloo ghfuhdvh wkh ohqjwk
ri dffhswdeoh shulrg ri xqhpsor|phqw lq d errp vlqfh wkh ulvn ri kdy0
lqj d orz surgxfwlyh zrunhu lv uhgxfhg1 Wklv uhfuxlwphqw ehkdylrxu
lqgxfhv wkh frqglwlrqdo kd}dug wr ghfolqh idvwhu lq d errp wkdq lq d uh0Fkdswhu 5 66
fhvvlrq531 Dv d uhvxow/ wkh suhglfwlrq ri Eodqfkdug dqg Gldprqg frxog eh
uhyhuvhg li wkh h{whqw ri xqrevhuyhg khwhurjhqhlw| +iurp wkh hpsor|hu*v
shuvshfwlyh, zdv odujh lq wkh xqhpsor|hg srsxodwlrq1 Iru lghqwlfdwlrq
sxusrvhv/ zh zloo/ krzhyhu/ dvvxph wkdw udqnlqj lv dvvrfldwhg zlwk d
srvlwlyh wlph0gxudwlrq lqwhudfwlrq lq wkh frqglwlrqdo kd}dug1 Wklv dv0
vxpswlrq lv dfwxdoo| vxssruwhg e| wkh qglqjv ri Fkdswhu 6 zklfk vkrz
wkdw wkh uhpdlqlqj glvsdulw| lq wkh txdolw| ri wkh xqhpsor|hg zrunhuv lv
zhdn zkhq rqh dffrxqwv iru revhuyhg glhuhqfhv lq wkhlu fkdudfwhulvwlfv
+vxfk dv wkh ohyho ri hgxfdwlrq dqg wkh djh,1
Zh qrz wxuq wr d ghvfulswlrq ri wkh hvwlpdwlrq surfhgxuh/ zklfk zh
fkrrvh wr eh Plqlpxp Fkl0Vtxduh +vhh Ehunvrq 4<77/ Dphpl|d 4<;4/
Frfn{ 4<<:,1 Lq d qxwvkhoo/ wklv phwkrg frqvlvwv lq uhjuhvvlqj iru hdfk
frkruw d wudqvirupdwlrq ri wkh revhuyhg h{lw suredelolw|/ l1h1 wkh iudfwlrq
ri zrunhuv wkdw ohdyh xqhpsor|phqw zlwklq d sduwlfxodu gxudwlrq lqwhuydo
jlyhq wkdw wkh| glg qrw ohdyh hduolhu/ wr lwv wkhruhwlfdo frxqwhusduw1 Wkh
wkhruhwlfdo suredelolw| dw wkh n|￿ gxudwlrq lqwhuydo iru d zrunhu zkr lv
dw ulvn ri ohdylqj xqhpsor|phqw zlwklq wkh +o . n,
|￿ txduwhu lv=
S&,  Su+n  4  W?n mW  n  4>o. n, +5143,
Xvlqj +515,/ zh wkhq olqn wklv suredelolw| wr wkh djjuhjdwh kd}dug udwh
ghqhg lq +51;,=
S&, @
V￿ +n  4,  V￿ +n,
V￿ +n  4,
@4 h{s^k@
&,` +5144,
zkhuh V￿ +=, lv wkh xqfrqglwlrqdo vxuylyru ixqfwlrq1 Lqyhuwlqj wklv uhod0
wlrqvkls jlyhv xv=
}&, @ orj^orj+4  S&,,` @ orj+k@
&,, +5145,
Zh qrz uhodwh wkh wkhruhwlfdo suredelolw| wr wkh hpslulfdo suredelolw|1
Ohw x&, eh wkh qxpehu ri lqglylgxdov zkr hqwhuhg lqwr xqhpsor|phqw dw
o/ duh vwloo lq wkdw vwdwh dw wkh vwduw ri wkh n|￿ gxudwlrq lqwhuydo dqg duh
wkhuhiruh dw ulvn ri ohdylqj xqhpsor|phqw zlwklq wkh +o . n,|￿ txduwhu1
2fLq d glhuhqw prgho/ Oherq +4<<6, dovr suhglfwv d qhjdwlyh lqwhudfwlrq ehwzhhq
wkh gxudwlrq ghshqghqfh ri wkh frqglwlrqdo kd}dug dqg wkh vwdwh ri wkh exvlqhvv f|foh167 Fkdswhu 5
Ohw i&, eh wkh qxpehu ri wkhvh lqglylgxdov zkr ohdyhv xqhpsor|phqw
zlwklq wkh n|￿ gxudwlrq lqwhuydo1 Zh fdq wkhq hvwlpdwh wkh suredelolw|
ri ohdylqj xqhpsor|phqw/ S&,/ e| wkh Ndsodq0Phlhu hvwlpdwru ri wkh





Li zh uhsodfh wkh suredelolw| ri ohdylqj xqhpsor|phqw e| lwv hvwlpdwh/
a S&,/ lq +5145,/ wkh htxdolw| ri wklv htxdwlrq grhv qr orqjhu krog h{dfwo|/
vlqfh wkh revhuyhg djjuhjdwh h{lw suredelolw| lv fdofxodwhg rq wkh edvlv ri




4  a S&,
l
lq d Wd|oru vhulhv durxqg S&,=
a }&, @ *￿+n,.*2+o . n,.*￿+n>o . n,.$&, +5147,
zlwk wkh dssur{lpdwlrq huuru $&, @
a S&,  S&,
+4  S&,,orj+4 S&,,
Wkhuh lv dq dgglwlrqdo whup/ exw vlqfh lw lv ri rughu ohvv ru htxdo wkdq
x3￿
&, / lw fdq eh ljqruhg iru odujh x&,
54 +vhh Dphpl|d 4<;8/ ss15:90::,1
Vlqfh frqglwlrqdo rq wkh qxpehu ri lqglylgxdov dw ulvn/ x&,/w k hq x p e h u
ri rxw rzv/ I&,/ lq wkh hpslulfdo hvwlpdwru +5146, kdv d elqrpldo glv0
wulexwlrq zlwk d suredelolw| ri cvxffhvv* S&,/ Frfn{ +4<<:, vkrzv wkdw
H +$&,,@3dqg wkdw d frqvlvwhqw hvwlpdwh ri wkh yduldqfh ri $&, lv55=
a v2
&, @ a S&,









Wkh Plqlpxp Fkl0vtxduh hvwlpdwru lv wkhq ghqhg dv wkh zhljkwhg
ohdvw vtxduhv hvwlpdwru dv dssolhg wr +5147,1
2￿Wkh vl}h ri rxu fhoov lv lqghhg txlwh odujh1 Wkh orzhvw dqg wkh dyhudjh &, duh
uhvshfwlyho| 599 dqg 497< iru wkh phq djhg ehwzhhq 5< dqg 77 |hduv rog/ dqg uhvshf0
wlyho| 488 dqg 4<:6 iru wkh phq djhg ohvv wkdq 5< |hduv rog1
22Wkh fryduldqfh lv }hur1Fkdswhu 5 68
51615 Hpslulfdo uhvxowv
W k hh v w l p d w l r qu h v x o w vi r uw k hp r g h ov s h f l  h gl q+ 5 1 4 7 ,d u hu h s r u w h gl q
wkh uvw froxpq ri Wdeoh 514 dqg Wdeoh 515 ri Dsshqgl{ 7/ uhvshfwlyho|
iru phq djhg 5<077 dqg iru phq djhg ohvv wkdq 5< |hduv rog1 Iru erwk gh0
prjudsklf jurxsv/ wkh lqwhudfwlrq sdudphwhuv/ #S dqg #r/ duh qhjdwlyh=
Gxudwlrq ghshqghqfh ri wkh djjuhjdwh kd}dug lv vwhhshu iru kljk ydoxh
ri *2 +o . n, wkdq iru orz ydoxh ri *2 +o . n,1 W k l vu h v x o wl vf r q v l v w h q w
zlwk wkh suhvhqfh ri khwhurjhqhlw| lq d PSK prgho vxfk dv vshflhg lq
+516,1 Wklv qglqj lpsolhv wkdw zh fdq lghqwli| khwhurjhqhlw| zlwklq d
sursruwlrqdo iudphzrun lq wkh qh{w vwdjh1
Qrwh wkdw iru wkh phq djhg ehwzhhq 5< dqg 77 |hduv rog/ wkh sdudphwhu
#S lv vpdoo lq devroxwh ydoxh dqg lqvljqlfdqw1 Rqh srvvleoh uhdvrq ri wklv
qglqj lv wkdw udqnlqj dffruglqj wr xqhpsor|phqw gxudwlrq lv suhvhqw
iru wkh sulph djhg phq1 Dv phqwlrqhg deryh/ wkh lqwhudfwlrq sdudphwhu
#S zrxog wkhq cxqghuhvwlpdwh* wkh lpsruwdqfh ri khwhurjhqhlw| lq wkh
gdwd/ xqolnh wkh sdudphwhu #r1 Lq wkh qh{w vwdjh/ zh wkhuhiruh uhod{
wkh sursruwlrqdolw| dvvxpswlrq ehwzhhq wzr fdohqgdu wlph vxe0shulrgv
+d errp dqg d uhfhvvlrq,/ exw pdlqwdlq lw zlwklq wkhvh wzr vxe0shulrgv1
Zh pdlqwdlq wkh sursruwlrqdolw| lq wkh vhdvrqdo frpsrqhqw1
517 Wkh pl{wxuh prghov
51714 D pl{hg qrq0sursruwlrqdo kd}dug prgho
Lqvridu dv zh vkrzhg wkdw wkh sursruwlrqdolw| dvvxpswlrq ri wkh kd}dug
lq gxudwlrq dqg wkh vwdwh ri wkh exvlqhvv f|foh pljkw eh wrr uhvwulfwlyh
iru wkh roghvw phq/ zh ghflgh wr uhod{ wklv dvvxpswlrq ehwzhhq wzr fdo0
hqgdu wlph vxe0shulrgv1 Lq rughu wr frqwudvw wkh wzr shulrgv frqvlghuhg/
zh uhwdlq iru wkh uvw vxe0shulrg fdohqgdu wlph lqwhuydov uhodwlyh wr wkh
shdn/ l1h1 ehwzhhq Vhswhpehu 4<;< dqg Qryhpehu 4<<3/ dqg iru wkh vhf0
rqg vxe0shulrg/ wkrvh uhodwlyh wr wkh vodfn shulrg vwduwlqj lq Ghfhpehu
4<<3 dqg frqwlqxlqj xs wr Iheuxdu| 4<<71 Wklv dprxqwv wr dgg lq wkh
frqglwlrqdo kd}dug +516, dq lqwhudfwlrq whup  *￿+n>o . n,=69 Fkdswhu 5
;w 5 ^n  4>n,=k+wmo . w>y, @ h{s^*￿ +n,.*2 +o . n,. *￿ +n>o . n,`y
 k&,y +5149,
z k l f kl vv s h f l  h gd vi r o o r z v =





Wkh lqwhudfwlrq sdudphwhu/ !/ lv rqo| ghqhg iru wkh errp shulrg +l1h1
wkh uvw yh fdohqgdu wlph lqwhuydov, dqg lv dvvxphg wr dhfw wkh orjd0
u l w k pr iw k he d v h o l q hk d } d u gl qd e v r o x w hy d o x hp x o w l s o l f d w l y h o | 1Z hw d n h
wkh devroxwh ydoxh wr dyrlg wkdw wkh vljq ri wkh gxudwlrq ghshqghqfh
dhfwv wkh vljq ri wkh lqwhudfwlrq whup1 Udqnlqj lpsolhv wkdw !A3=
Rqh frxog sursrvh dowhuqdwlyh vshflfdwlrqv ri wkh fxpxodwlyh lqwhu0
dfwlrq hhfw/ lq rxu qrwdwlrq= !
 ￿  f
 = Vlqfh wkh errp shulrg vsdqv
rqo| 8 txduwhuv/ d vhsdudwh slhfhzlvh0frqvwdqw vshflfdwlrq ri wkh edvh0
olqh kd}dug lq xswxuq |lhogv wrr lpsuhflvh hvwlpdwhv1 Rwkhu sduvlpr0
qlrxv vshflfdwlrqv ri wkh lqwhudfwlrq whup h{lvw vxfk dv !orj+n, ru dv
!￿orj+n,.!2 orj2 +n,1 Krzhyhu/ wkh odwwhu |lhog pxfk ohvv suhflvh sd0
udphwhu hvwlpdwhv wkdq rxu fkrvhq vshflfdwlrq +qrw uhsruwhg56,1
Zkhq xqrevhuyhg khwhurjhqhlw| lv wdnhq lqwr dffrxqw/ zh kdyh wr uh0
sodfh wkh vxuylyru ixqfwlrq lq +5144, e| wkh pl{wxuh vxuylyru ixqfwlrq dv
ghqhg lq +517,/ |lhoglqj=
S&, @
























Lq wkh vhtxho/ zh fkrrvh wzr vshflfdwlrqv iru wkh pl{lqj glvwulexwlrq/
I+y,1 Lq sulqflsoh/ d qrq0sdudphwulf vshflfdwlrq ri wkh pl{lqj glvwul0
exwlrq zrxog eh wkh ehvw fkrlfh1 Krzhyhu/ uhfhqw Prqwh Fduor dqdo|vlv
ri Ednhu dqg Pholqr +5333, uhyhdov wkdw d qrq0sdudphwulf vshflfdwlrq
2￿Wkhvh hvwlpdwlrq uhvxowv fdq eh rewdlqhg iurp wkh dxwkruv rq uhtxhvw1Fkdswhu 5 6:
ri erwk wkh glvwulexwlrq ri gxudwlrq dqg ri xqrevhuyhg khwhurjhqhlw| fdq
uhvxow lq odujh dqg v|vwhpdwlf eldv lq wkh sdudphwhuv ri wkhvh frpsr0
qhqwv/ li hvwlpdwhg e| pd{lpxp olnholkrrg1 Ednhu dqg Pholqr vkrz wkdw
wkh eldv fdq eh uhgxfhg e| prgli|lqj wkh remhfwlyh ixqfwlrq vxfk wkdw
vshflfdwlrqv zlwk pdq| srlqwv ri vxssruw duh shqdolvhg1 Zh zloo iro0
orz d vlplodu surfhgxuh ehorz/ edvhg rq wkh Vfkzdu} +4<:;, lqirupdwlrq
fulwhulrq1
Wkh qglqjv ri Ednhu dqg Pholqr vxjjhvw wkdw d sdudphwulf vshfl0
fdwlrq ri wkh pl{lqj glvwulexwlrq frxog lpsuryh xsrq d qrq0sdudphwulf
rqh1 Uhfhqwo|/ Deeulqj dqg Ydq ghq Ehuj +5334, mxvwli| wkh fkrlfh ri
d Jdppd glvwulexwlrq iru I+y,1 Iru/ wkh| vkrz wkdw iru d frqwlqxrxv
y dqg xqghu plog uhjxodulw| frqglwlrqv/ wkh xqrevhuyhg khwhurjhqhlw|
glvwulexwlrq dprqj vxuylyruv dw w frqyhujhv wr d Jdppd glvwulexwlrq
li w $41 Lq wkh ehqfkpdun prgho wkh pl{lqj glvwulexwlrq lv wkhuh0
iruh dvvxphg wr eh Jdppd1 Zh wkhq frpsduh rxu qglqjv zlwk wkrvh
irxqg zlwk d qrq0sdudphwulf vshflfdwlrq ri wkh pl{lqj glvwulexwlrq/ dv
dssur{lpdwhg e| rqh zlwk d glvfuhwh qxpehu ri pdvv srlqwv1
Wkh Jdppd pl{lqj glvwulexwlrq
Zh dvvxph wkdw Y +udqgrp yduldeoh, lv d Jdppd yduldwh ri phdq/
, @ b




1D vv x f k /z hd o o r zw k hp h d qd q gw k h
yduldqfh ri Y wr ydu| sursruwlrqdoo| ryhu fdohqgdu wlph dw wkh prphqw
ri lq rz/ o1 Wkh phdq ri wkh pl{lqj glvwulexwlrq qhhgv wr  xfwxdwh
sursruwlrqdoo| wr lwv yduldqfh iru sxusrvhv ri lghqwlfdwlrq +vhh ehorz,1
E| qrupdolvdwlrq/ wkh phdq lv htxdo wr rqh iru o @3 1Z h w k h u h i r u h
lpsrvh  @ f1 Vlqfh wkh prphqw jhqhudwlqj ixqfwlrq ri wklv Jdppd











zh duh deoh wr vlpsoli| juhdwo| wkh odvw h{suhvvlrq lq +514;,1
Ehiruh ghulylqj wkh pl{wxuh uhjuhvvlrq prgho/ zh vshfli| krz wkh ydul0
deoh , ghshqgv rq fdohqgdu wlph dw wkh lq rz1 Zh uvw lqwurgxfh wkh
iroorzlqj qrwdwlrq= , @h { s ^ *e+o,` zkhuh zh ghfrpsrvh *e+o, lqwr
d f|folfdo +f, dqg d vhdvrqdo frpsrqhqw +v,= *e +o,@*eS +o,.*er +o,16; Fkdswhu 5
Xqolnh iru wkh hhfw ri fdohqgdu wlph rq wkh kd}dug dw wkh prphqw ri
h{lw/ zh fkrrvh wr fkdudfwhulvh wkh hhfw ri fdohqgdu wlph dw wkh prphqw
ri lq rz e| d exvlqhvv f|foh lqglfdwru dqg e| wkh vhdvrq dw lq rz1 Wklv





+r@  r￿,v+o, +5153,
Wkh exvlqhvv f|foh lqglfdwru/ e+o,/ lv wkh gh0vhdvrqdolvhg orjdulwkp ri
wkh qxpehu ri txduwhuo|  rzv lqwr xqhpsor|phqw57/d q gv+o, duh wkh
vhdvrqdo gxpplhv dw wkh wlph ri lq rz1 Zh lpsrvh e+3, @ 3/v rw k d w
 @ h{s+r￿,1
Frpelqlqj +514;,/ +514<, dqg +5153,/ zh wkhq rewdlq wkh iroorzlqj qrq0
olqhdu khwhurvnhgdvwlf uhjuhvvlrq prgho=


















.$&, . %&, +5154,
zkhuh 2
f @ h{s^r￿` / , @h { s^ *e +o, r￿` dqg $&, @ a S&,  S&,  %&,
lv wkh dssur{lpdwlrq huuru1 Wkh huuruv %&, duh vshflfdwlrq huuruv zklfk
doorzv iru udqgrp ghyldwlrq iurp wkh wuxh vshflfdwlrq ri wkh kd}dug







01Z h k d y h w k d w H +$&,,@3dqg lwv yduldqfh fdq eh










2eWkh lq rz udwh zrxog eh d pruh dssursuldwh lqglfdwru1 Wklv vwdwlvwlf lv qrw
dydlodeoh rq d txdwhuo| edvlv1 Krzhyhu/ li wkh qxpehu ri hpsor|hg zrunhuv uhpdlqv
dssur{lpdwho| frqvwdqw ryhu wkh revhuydwlrq shulrg/ zh fdq dssur{lpdwh lw e| wkh
qxpehu ri zrunhuv  rzlqj lqwr xqhpsor|phqw1Fkdswhu 5 6<
Zh qrz vkrz wkdw wkh fruuhodwlrq vwuxfwxuh ri wkh vshflfdwlrq hu0
u r u vl vl q i r u p d w l y hd e r x ww k hw | s hr ip l v v s h f l  f d w l r q 1Z h q gw k d ww k h
hpslulfdo fruuhodwlrq ehwzhhq wkh uhvlgxdov ri dgmdfhqw gxudwlrq fodvvhv
iru dq| {hg fdohqgdu wlph dw wkh rxw rz/ l1h1 wkh fruuhodwlrq ehwzhhq
%&, dqg %&3￿,n￿/g h q r w h ge |,n&/ lv vljqlfdqwo| srvlwlyh dffruglqj wr
wkh OP0whvw vwdwlvwlf +vhh Jrgiuh| 4<:; dqg Euhxvfk dqg Sdjdq 4<;3,
i r ue r w kw k hp h qd j h g5 < 0 7 7d q gw k r v hd j h g?@5;= Uhvshfwlyho|/ 3198
dqg 31::1 Zh h{sodlq ehorz krz zh fdofxodwh vxfk d vwdwlvwlf1 Wkhvh uh0
vxowv vxjjhvw wr lqwhusuhw wkh prgho uhvlgxdov dv frkruw0vshflf udqgrp
exvlqhvv f|foh hhfwv dw wkh wlph ri h{lw1 Rq dyhudjh wkhvh udqgrp gh0
yldwlrqv iurp wkh PSK vshflfdwlrq fdqfho rxw1 Krzhyhu/ wr wkh h{whqw
wkdw frkruwv zlwk d glhuhqw hodsvhg gxudwlrq duh lpshuihfw vxevwlwxwhv/
wkhq dq lqfuhdvh +ghfuhdvh, lq wkh kd}dug ri rqh sduwlfxodu frkruw zloo
vsloo ryhu wr wkh rwkhu frkruwv1 Li zh dvvxph wkdw wkh ghjuhh ri vxevwl0
wxwdelolw| ghfuhdvhv zlwk wkh glhuhqfh ri wkh hodsvhg gxudwlrq ehwzhhq
wkh dhfwhg dqg qrq0dhfwhg frkruwv/ wkhq wklv vxevwlwxwlrq lqgxfhv/ iru
dq| {hg h{lw wlph/ wkh prgho uhvlgxdov wr eh srvlwlyho| dxwrfruuhodwhg
zlwk gxudwlrq1 Li frkruwv zhuh qrw vxevwlwxwdeoh/ wkhq wkh frh!flhqw ri
dxwrfruuhodwlrq zrxog eh }hur1 Rq wkh rwkhu kdqg/ li vxevwlwxwlrq zdv
shuihfw/ wkh frkruw0vshflf exvlqhvv f|foh hhfw zrxog dhfw hdfk frkruw
e| d frpprq idfwru1
Qrwh wkdw %&, frxog dovr kdyh ehhq lqwhusuhwhg dv d phdvxuhphqw huuru
l qw k ho l q hr iD e e u l q jhw do1 +5334d, dqg Ydq ghq Ehuj dqg Ydq ghu
Noddxz +5334,1 Lq wklv lqwhusuhwdwlrq/ wkh huuruv duh pdgh lq frxqwlqj
wkh qxpehu ri xqhpsor|hg dw d sduwlfxodu gxudwlrq dqg2ru fdohqgdu wlph
lqwhuydo1 Frqvhtxhqwo|/ wkh| lqwurgxfh d glhuhqfh ehwzhhq wkh wuxh dqg
wkh revhuyhg ydoxh ri x&, lq +5146, dqg/ lqgluhfwo|/ ehwzhhq S&, dqg a S&,1
Phdvxuhphqw huuruv ri wklv w|sh/ zkhwkhu wkh| duh lqghshqghqw ru qrw/
dozd|v lpso| wkdw wkh fruuhodwlrq ehwzhhq wkh uhvlgxdov ri dgmdfhqw gxud0
wlrq fodvvhv iru dq| {hg fdohqgdu wlph dw wkh lq rz/ l1h1 wkh fruuhodwlrq
ehwzhhq %&, dqg %&3￿,/ ghqrwhg e| ,/l vh t x d ow r￿
21 Iru rxu gdwd/ wkh
fruuhodwlrq vwuxfwxuh ri wkh uhvlgxdov lv krzhyhu qrw frpsdwleoh zlwk wklv
w|sh ri phdvxuhphqw huuru= Wkh hpslulfdo fruuhodwlrq ehwzhhq %&, dqg
%&3￿, lv qrw vljqlfdqwo| glhuhqw iurp }hur dffruglqj wr wkh OP0whvw
vwdwlvwlf zkdwhyhu wkh djh jurxs1
D wklv vwdjh/ lw lv lpsruwdqw wr qrwlfh wkdw wkh dssur{lpdwlrq huuruv/73 Fkdswhu 5
$&,/ gr qrw fruuhvsrqg wr wkh phdvxuhphqw huuruv vxfk dv lqwurgxfhg
e| Deeulqj hw do1 +5334d, qru wr vshflfdwlrq huuruv1 Wkh| uh hfw
w k hv w r f k d v w l fq d w x u hr iw k hh p s l u l f d oh { l wu d w h v / a S&,1W d n l q j w k h k h w 0
hurvnhgdvwlf dssur{lpdwlrq huuruv lqwr dffrxqw lpsuryhv wkh h!flhqf| ri
wkh hvwlpdwru dqg |lhogv frqvlvwhqw hvwlpdwruv ri wkh sdudphwhu yduldqfh0
fryduldqfh pdwul{1
Zh pljkw ghsduw iurp rxu jhqhudo pl{wxuh prgho lq +5154, e| whvwlqj
wzr uhvwulfwlrqv rq wkh sdudphwhuv=
U4=! @3 +5156,
U5=S @3 +5157,
U4 uhvwulfwv wkh sdwwhuq ri gxudwlrq ghshqghqfh qrw wr ydu| ryhu wkh
exvlqhvv f|foh1 U5 lpsrvhv d {hg khwhurjhqhlw| glvwulexwlrq ryhu wkh
exvlqhvv f|foh= Wkh phdq dqg wkh yduldqfh ri wkh xqphdvxuhg fkdudf0
whulvwlfv/ y/ ri wkrvh hqwhulqj xqhpsor|phqw duh frqvwdqw ryhu wkh f|foh1
Wkh hvwlpdwlrq surfhgxuh frqvlvwv lq wzr0vwhsv +vhh Dphpl|d dqg Qrog
4<:8,1 Lq d uvw vwhs zh hvwlpdwh wkh prgho +5154, e| Ruglqdu| Ohdvw
Vtxduhv +ROV,1 Rq wkh edvlv ri wkh ROV uhvlgxdov +a  &,, d q gr iw k hh v 0
wlpdwhg yduldqfh ri wkh dssur{lpdwlrq huuru +a v2
&,,/ zh fdq fdofxodwh d

















Xvlqj wklv vwdwlvwlf dqg wkh hpslulfdo dxwrfryduldqfh ri wkh ROV uhvlg0
xdov/ zh fdq dovr fdofxodwh d frqvlvwhqw hvwlpdwh ri wkh dxwrfruuhodwlrq
frh!flhqwv/ ,n& dqg ,> ri wkh kljkhu phqwlrqhg vshflfdwlrq huuruv/ %&,
+vhh Dsshqgl{ 4,1 Lq d vhfrqg vwhs/ zh hvwlpdwh wkh vwdwlvwlfdo prgho
+6147, e| Jhqhudolvhg Ohdvw Vtxduhv +JOV,/ h{solflwo| doorzlqj iru wkh
DU+4, glvwxuedqfhv +%&,,r y h un> iru dq| {hg o . n +vhh Dsshqgl{ 5,1
E h f d x v hz hk d y hj u r x s h gg d w d /z hf d qx v hd"20jrrgqhvv0ri0w whvw wr
hydoxdwh wkh prgho vshflfdwlrq1 Wkh zhljkwhg vxp ri vtxduhg uhvlg0
xdov +ZVVU,l vg l v w u l e x w h g"2
￿3￿w li wkh prgho lv fruuhfwo| vshflhg/Fkdswhu 5 74
zkhuh Q ghqrwhv wkh qxpehu ri fhoov dqg Qw lv wkh qxpehu ri sdudp0
hwhuv1 Pruhryhu/ zh fdq whvw wkh dffhswdelolw| ri wkh kljkhu phqwlrqhg
uhvwulfwlrqv/ U4 dqg U51 Wkh glhuhqfh ehwzhhq wkh zhljkwhg vxp
ri vtxduhg uhvlgxdov ri wkh frqvwudlqhg dqg wkh xqfrqvwudlqhg prgho
+ZUVVf  ZUVV, lv glvwulexwhg "2
+￿w3￿wf,
581
D qrq0sdudphwulf vshflfdwlrq ri wkh pl{lqj glvwulexwlrq
D qrq0sdudphwulf pl{lqj glvwulexwlrq fdq eh vshflhg dv d glvfuhwh
rqh zlwk xqnqrzq vxssruw dqg dq xqnqrzq qxpehu ri pdvv srlqwv1
Khfnpdq dqg Vlqjhu +4<;7, sursrvh d surfhgxuh wr hvwlpdwh vxfk d glv0
wulexwlrq e| pd{lpxp olnholkrrg1 Ednhu dqg Pholqr +5333, vxsso| dq
khxulvwlf lqwhusuhwdwlrq dqg dgmxvw wklv surfhgxuh wr uhgxfh wkh eldv ri
wkh hvwlpdwru lq qlwh vdpsohv1 Wr wkdw sxusrvh/ wkh| sursrvh wr pd{0
lplvh wkh Kdqqdq0Txlqq ru wkh Vfkzduw} Lqirupdwlrq Fulwhulrq udwkhu
wkdq wkh orj0olnholkrrg ixqfwlrq +vhh dovr Ohurx{ 4<<5,1 Wkh| uhsruw
+irrwqrwh 47/ s16:9, wkdw uhvxowv duh yluwxdoo| lghqwlfdo iru wkhvh wzr ful0
whuld1 Zh fkrrvh wkh Vfkzduw} fulwhulrq +vhh dovr Fkrz 4<;8/ ss16330638/
iru d mxvwlfdwlrq,1
Wr pdnh wkh deryh phqwlrqhg surfhgxuh dssolfdeoh/ zh qhhg wr prgli|
wkh remhfwlyh ixqfwlrq/ l1h1 zh plqlplvh wkh zhljkwhg vxp ri vtxduhg
uhvlgxdov +ZVVU, udwkhu wkdq pd{lplvh d orjolnholkrrg ixqfwlrq1 Krz
wklv prglhv wkh uxoh lv glvfxvvhg lq Dsshqgl{ 61 Lq wkh Vfkzduw} ful0
whulrq/ wkh ZVVU uhsodfhv plqxv wzlfh wkh orjolnholkrrg ydoxh +vhh
Dphpl|d 4<;4,1 Dffruglqj wr wklv fulwhulrq/ wkh suhihuuhg prgho lv
wkhuhiruh wkh rqh wkdw plqlplvhv wkh iroorzlqj vwdwlvwlf=
ZVVU. Qw oq+Q, +5159,
Zh zloo qrw rqo| hydoxdwh wkh pl{wxuh prghov zlwk d glhuhqw qxpehu
ri pdvv srlqwv dffruglqj wr wklv fulwhulrq/ exw dovr wkh qrq0sdudphwulf
wr wkh Jdppd pl{wxuh prghov1
Ilqdoo|/ zh zulwh grzq wkh h{suhvvlrq iru wkh qrq0olqhdu khwhurvnhgdvwlf
uhjuhvvlrq prgho zlwk d glvfuhwh pl{lqj glvwulexwlrq zlwk V srlqwv ri
vxssruw=
2DIru wkh sxusrvh ri wklv whvw vwdwlvwlf/ wkh frqvwudlqhg prgho lv hvwlpdwhg zlwk wkh
hvwlpdwhg yduldqfh pdwul{ ri wkh vshflfdwlrq huuruv lq wkh xqfrqvwudlqhg prgho175 Fkdswhu 5


















& . $&, . %&, +515:,
zkhuh ;v 5i 4>5>===>Vj = yr A 3/ 3  r  4/ dqg zkhuh zh qrupdolvh wkh






Wkh ixqfwlrq  *e +o, lv htxdo wr *e +o, iru r￿ @3 591 Wkh ixqfwlrq  *e+o,
lv lqwhusuhwhg dv d frpsrvlwlrq hhfw/ dhfwlqj wkh vkdsh ri wkh pl{lqj
glvwulexwlrq1
51715 Lghqwlfdwlrq
Wkh PSK vshflfdwlrq hqvxuhv wkdw wkh frqglwlrqdo kd}dug lv qrq0
sdudphwulfdoo| lghqwlhg iurp d odujh qxpehu ri revhuydwlrqv rq wzr
frqglwlrqv1 Iluvw/ wkh phdq ri wkh pl{lqj glvwulexwlrq kdv wr eh qlwh1
Wkh vhfrqg frqglwlrq ghshqgv rq wkh qdwxuh ri wkh gdwd dqg rq wkh
zd| lq zklfk wkh| duh prghohg1 Li gxudwlrq gdwd duh frqwlqxrxv/ wkh
uhjuhvvru ixqfwlrq qhhgv wr wdnh rq dw ohdvw wzr ydoxhv +vhh Hoehuv dqg
Ulgghu 4<;5,1 Li gxudwlrq gdwd duh jurxshg/ zh qhhg wr glvwlqjxlvk
ehwzhhq wzr fdvhv1 Li gxudwlrq lv prghohg dv d frqwlqxrxv wlph surfhvv/
dv lw lv grqh lq wklv vwxg|/ Ulgghu +4<<3, suryhv wkdw wkh suhvhqfh ri
d frqwlqxrxv h{sodqdwru| yduldeoh/ ydu|lqj ryhu wkh zkroh vhw ri uhdo
qxpehuv/ lv vx!flhqw1 Li gxudwlrq lv prghohg dv d glvfuhwh wlph surfhvv/
wkh pl{lqj glvwulexwlrq lv lghqwlhg xs wr lwv prphqwv/ lq vr idu dv wkh
vxssruw ri wkh khwhurjhqhlw| glvwulexwlrq lv erxqghg5: dqg wkh uhjuhvvru
ixqfwlrq lv qrq0frqvwdqw +vhh Ydq ghq Ehuj dqg Ydq Rxuv 4<<7/ 4<<9
dqg Deeulqj hw do1 5334d,1
Li zh lpsrvh U4 rq rxu vshflfdwlrq +5154,/ zh rewdlq/ dsduw iurp wkh
udqgrp vshflfdwlrq huuruv/ wkh vwdqgdug PSK prgho1 Wr vhh wklv/ qrwh
wkdw U4 lpsolhv wkdw fdohqgdu wlph dw wkh rxw rz lq xhqfhv wkh edvholqh
2SZh fdq qrupdolvh #r￿ 'f / vlqfh wklv sdudphwhu ghwhuplqhv wkh ydoxh ri wkh ydul0
dqfh lq wkh Jdppd pl{wxuh prgho1 Wkh yduldqfh lv qr orqjhu d vhsdudwh sdudphwhu
li wkh pl{lqj glvwulexwlrq lv glvfuhwh1
2.Wkh qlwh phdq lv lpsolhg e| wklv frqglwlrq1Fkdswhu 5 76
kd}dug sursruwlrqdoo| wkurxjkrxw wkh revhuydwlrq shulrg1 Krzhyhu/ hyhq
zlwk vxfk dvvxpswlrq/ dq h{srqhqwldo wuhqg lq wkh lq rz fdqqrw eh
lghqwlhg iurp dq h{srqhqwldo wuhqg lq wkh rxw rz +vhh Deeulqj hw do1
5334d,1 Zh dyrlg wklv sureohp ehfdxvh hqwu| hhfwv duh dvvxphg wr eh
frpsohwho| fdswxuhg e| vhdvrqdo hhfwv dqg d exvlqhvv f|foh lqglfdwru
dw wkh wlph ri hqwu|/ l1h1 wkh orjdulwkp ri wkh qxpehu ri hqwudqwv1 Li
wklv lqglfdwru grhv qrw ydu| rqo| dffruglqj wr dq h{srqhqwldo wuhqg/
lghqwlfdwlrq lv dvvxuhg1
Qhyhuwkhohvv/ hqwu| hhfwv vwloo kdyh wzr lqglvwlqjxlvkdeoh lqwhusuhwd0
wlrqv/ l1h1 hlwkhu frpsrvlwlrqdo ru frpshwlwlrq hhfwv +vhh Deeulqj hw
do1 5334d,1 Xqwlo qrz/ zh lqwhusuhwhg wkhp dv frpsrvlwlrqdo hhfwv/
e| dvvxplqj wkdw fdohqgdu wlph dw wkh prphqw ri lq rz dhfwv wkh
vkdsh ri wkh glvwulexwlrq ri y lq wkh lq rz1 Fdohqgdu wlph dw wkh lq rz
frxog/ krzhyhu/ dovr lq xhqfh wkh lqglylgxdo h{lw udwh gluhfwo|/ ohdylqj
wkh frpsrvlwlrq ri lq rz frqvwdqw ryhu wlph1 Lq vxfk dq lqwhusuhwdwlrq/
vhdvrqdo dqg f|folfdo  xfwxdwlrqv lq wkh qxpehu ri zrunhuv hqwhulqj wkh
xqhpsor|phqw srro pd| dowhu wkh lqwhqvlw| ri wkh mre0vhdufk frpshwl0
wlrq idfhg e| wkh qhzo| xqhpsor|hg dqg/ wkhuhiruh/ wkhlu h{lw udwh1 Vr/
wkh lq rz lqwr xqhpsor|phqw fuhdwhv d qhjdwlyh lqwud0jurxs h{whuqdo0
lw| fruuhvsrqglqj wr frqjhvwlrq hhfwv1 Lq wkdw fdvh/ wkh pxowlsolfdwlyh
hhfw ri wkh lqglfdwruv dw wkh wlph ri lq rz vkrxog eh wdnhq wr dhfw
wkh frqglwlrqdo kd}dug udwkhu wkdq wkh irup ri wkh pl{lqj glvwulexwlrq
+ v h hG hW r o g lhw do1 4<<5,1 Zh uxoh wklv rxw e| dvvxpswlrq1 Wkh uhdghu
fdq/ krzhyhu/ ydolgo| lqwhusuhw wkh hpslulfdo qglqjv ehorz glhuhqwo|/
lq whupv ri frpshwlwlrq udwkhu wkdq frpsrvlwlrqdo hhfwv1 Qrwh/ pruh0
ryhu/ wkdw lq vxfk dq lqwhusuhwdwlrq/ wkh frpshwlwlrq hhfwv zrxog eh
fdswxuhg e| wkh yduldeohv vshflhg lq *e +o,5; wkdw dhfw wkh frqglwlrqdo
kd}dug pxowlsolfdwlyho|1 Wklv lpsolhv wkdw wkh frqglwlrqdo kd}dug lv ri
wkh PSK irup lq wkh yduldeohv fdswxulqj wkh hhfw ri fdohqgdu wlph dw
wkh lq rz1
Li uhvwulfwlrq U4 +l1h1 PSK, lv lpsrvhg/ zh fdq uho| rq wkh qrq0
sdudphwulf lghqwlfdwlrq uhvxowv ri Ulgghu +4<<3,1 Wkh phdq ri wkh
2HWkh sdudphwhu #r￿ zrxog wkhq eh +d wudqvirupdwlrq ri, wkh yduldqfh ri wkh pl{lqj
glvwulexwlrq/ zkloh wkh sdudphwhuv #S dqg #r@ zrxog uhsuhvhqw wkh hhfw ri fdohqgdu
wlph dw wkh lq rz rq wkh frqglwlrqdo kd}dug udwkhu wkdq rq wkh vkdsh ri wkh pl{lqj
glvwulexwlrq177 Fkdswhu 5
pl{lqj glvwulexwlrq lv dvvxphg wr eh qlwh dqg qrupdolvhg wr rqh lq wkh
txduwhu ehjlqqlqj lq Mxqh 4<;<1 Iru hdfk gxudwlrq lqwhuydo/ wkh exvlqhvv
f|foh lqglfdwru dhfwv wkh edvholqh kd}dug sursruwlrqdoo| dqg ydulhv frq0
wlqxrxvo| ryhu wkh vhw ri uhdo qxpehuv dv wkh qxpehu ri zrunhuv hqwhulqj
xqhpsor|phqw lqfuhdvhv ryhu rxu revhuydwlrq shulrg1
Li zh uhvwulfwlrq U4 lv qrw lpsrvhg/ wkh vshflfdwlrq lv qr orqjhu PSK1
Wkh edvholqh kd}dug lv wkhq doorzhg wr ydu| qrq0sursruwlrqdoo| ehwzhhq
wzr fdohqgdu wlph vxe0shulrgv dw wkh wlph ri h{lw1 Krzhyhu/ dv orqj
dv wkh qxpehu ri vxe0shulrgv grhv qrw lqfuhdvh zlwk wkh qxpehu ri re0
vhuydwlrqv5</ lghqwlfdwlrq lv dvvxuhg e| wkh PSK dvvxpswlrq zlwklq
hdfk vxe0shulrg1 Ndozlm +5334, dqg Urvkrop +5334, doorz iru d ixoo
lqwhudfwlrq ehwzhhq wkh edvholqh kd}dug dqg wkh exvlqhvv f|foh1 Vlqfh
wkh| revhuyh pxowlsoh vshoov iru d jlyhq lqglylgxdo/ lghqwlfdwlrq ri xq0




Lq Dsshqgl{ 7/ zh uhsruw wkh hvwlpdwlrq uhvxowv ri wkh pl{wxuh uhjuhv0
vlrq prghov/ uhvshfwlyho| iru phq djhg ehwzhhq 5< dqg 77 |hduv rog +vhh
Wdeoh 514, dqg iru wkrvh djhg ohvv wkdq 5< |hduv rog +vhh Wdeoh 515,1 Zh
hvwlpdwh iru erwk djh jurxsv d Jdppd dqg d qrq0sdudphwulf pl{wxuh
prgho +vhh/ uhvshfwlyho|/ wkh vhfrqg dqg wkh odvw froxpq,1 Iru wkh |rxqj
djh jurxs/ zh dovr uhsruw wkh Jdppd pl{wxuh zlwk d frqvwdqw edvholqh
kd}dug dqg uhvwulfwlrq U4 +vhh wkh wklug froxpq ri Wdeoh 515,1 Dffruglqj
wr wkh "20whvw/ wklv vshflfdwlrq lv qrw uhmhfwhg dw d vljqldqfh ohyho ri
8( +S0ydoxh@6 9 ( , iru wkh |rxqj shrsoh zkloh lw lv iru wkh sulph djhg
jurxs1 Iru wkh |rxqj jurxs/ zh wkhuhiruh hvwlpdwh wkh qrq0sdudphwulf
pl{wxuh prgho rq zklfk zh lpsrvh d frqvwdqw edvholqh kd}dug dqg U4
+vhh wkh odvw froxpq ri Wdeoh 515,1 Wkh frqvwdqw whup lv/ diwhu dq h{0
srqhqwldo wudqvirupdwlrq/ wkh hvwlpdwhg kd}dug ri d uhihuhqfh lqglylgxdo
zlwk dyhudjh xqphdvxuhg fkdudfwhulvwlfv +l1h1 y @4 ,1 Doo prghov w
2bWklv lv ihdvleoh li revhuydwlrqv duh fodvvlhg wr rqh ri wkh vxeshulrgv dffruglqj wr
zkhwkhu wkh| duh uhdolvhg lq dq xswxuq ru d grzqwxuq1Fkdswhu 5 78
wkh gdwd uhdvrqdeo| zhoo= Dffruglqj wr wkh jrrgqhvv0ri0w vwdwlvwlf/ qr
prgho fdq eh uhmhfwhg djdlqvw wkh vdwxudwhg prgho dw d vljqlfdqfh ohyho
ri 8(1
Lq wkh surfhgxuh doorzlqj wr vhohfw wkh qxpehu ri pdvv srlqwv ri wkh
qrq0sdudphwulf pl{lqj glvwulexwlrq +vhh Vhfwlrq 51714 dqg Dsshqgl{ 6,/
zh fdq ghfuhdvh wkh ZVVU pdujlqdoo| e| lqfuhdvlqj wklv qxpehu iurp/
wzr wr wkuhh1 Wkh suredelolw| dvvljqhg wr wkh wklug pdvv srlqw lv yhu|
vpdoo iru wkh sulph djhg phq zkloh lw lv vljqlfdqwo| srvlwlyh iru wkh
|rxqj phq1 Krzhyhu/ rq wkh edvlv ri wkh Vfkzduw} fulwhulrq/ wkh prghov
zlwk wzr srlqwv ri vxssruw duh suhihuuhg iru erwk djh jurxsv1
Li zh qrz frpsduh wkh Jdppd pl{wxuh wr wkh qrq0sdudphwulf pl{wxuh
prgho/ wkh Vfkzduw} fulwhulrq vhohfwv wkh Jdppd iru wkh djh jurxs 5<077/
exw wkh qrq0sdudphwulf pl{wxuh iru wkh rwkhu jurxs1 Wklv lv lq olqh zlwk
wkh Prqwh Fduor qglqjv ri Ednhu dqg Pholqr +5333,1 Iru wkh |rxqj
zrunhuv/ d frqvwdqw edvholqh kd}dug lv suhihuuhg1 Lq wkdw fdvh/ Ednhu dqg
Pholqr uhsruw wkdw wkh qrq0sdudphwulf pl{wxuh shuirupv zhoo1 Li wkh wuxh
pl{lqj glvwulexwlrq lv qrw Jdppd/ wkh qrq0sdudphwulf pl{wxuh prgho
vkrxog eh vhohfwhg1 Wklv lv suhflvho| zkdw wkh Vfkzduw} lqirupdwlrq
fulwhulrq grhv1 Rq wkh rwkhu kdqg/ iru wkh roghu zrunhuv/ d frqvwdqw
edvholqh kd}dug lv uhmhfwhg1 Lq wkdw fdvh/ Ednhu dqg Pholqr uhsruw wkdw
sdudphwhu hvwlpdwruv duh eldvhg lq qlwh vdpsohv1 Hyhq li wkhlu prglhg
hvwlpdwlrq surfhgxuh edvhg rq wkh Vfkzduw} fulwhulrq ohdgv wr d gudpdwlf
lpsuryhphqw/ lw grhv qrw jxdudqwhh d ehwwhu shuirupdqfh dv frpsduhg
wr d sdudphwulf fkrlfh ri wkh pl{lqj glvwulexwlrq1 Lq wklv dssolfdwlrq/
wkh Jdppd pl{wxuh lqghhg shuirupv ehwwhu wkdq wkh qrq0sdudphwulf
rqh1 Lq wkh vxevhtxhqw glvfxvvlrq/ zh uhwdlq wkh suhihuuhg prgho/ l1h1
wkh glvfuhwh pl{wxuh iru wkh |rxqjhu zrunhuv dqg wkh Jdppd iru wkh
roghu zrunhuv1
Ehiruh hqwhulqj lqwr d pruh ghwdlohg lqwhusuhwdwlrq ri wkh hvwlpdwlrq
uhvxowv zlwk uhvshfw wr gxudwlrq dqg fdohqgdu wlph ghshqghqfh/ zh uvw
txhvwlrq zkhwkhu zh fdq lpsrvh wkh wzr uhvwulfwlrqv sursrvhg lq Vhfwlrq
517141
Dffruglqj wr wkh "20whvw/ wkh hvwlpdwhg lqwhudfwlrq sdudphwhu/ !/l vv l j 0
qlfdqwo| srvlwlyh iru phq djhg ehwzhhq 5< dqg 77 |hduv rog +! @4 =<<,1
Frqvhtxhqwo|/ uhvwulfwlrq U4 lv uhmhfwhg1 Wklv uhvxow phdqv wkdw gxud0
wlrq ghshqghqfh ehfrphv pruh qhjdwlyh zkhq wkh oderxu pdunhw vwdwh79 Fkdswhu 5
ghwhulrudwhv +l1h1 diwhu 4<<3,1 Wklv surylghv hylghqfh lq idyrxu ri wkh
udqnlqj prgho ri Eodqfkdug dqg Gldprqg +4<<7,1 Lw dovr h{sodlqv zk|
wkh lqwhudfwlrq hhfw #S hvwlpdwhg lq wkh uvw vwdjh +vhh wkh uvw froxpq
ri Wdeoh 514 lq Dsshqgl{ 7,/ dowkrxjk qhjdwlyh dqg wkhuhe| vxjjhvwlqj
wkh suhvhqfh ri khwhurjhqhlw|/ lv vpdoo lq devroxwh ydoxh= Udqnlqj kdv
dq rssrvlwh hhfw wkdq xqrevhuyhg khwhurjhqhlw| rq wkh gxudwlrq gh0
shqghqfh ri wkh djjuhjdwh rxw rz udwh zlwklq wkh exvlqhvv f|foh1 Dv
h{shfwhg/ zh xqghuhvwlpdwh wkh yduldqfh ri wkh Jdppd glvwulexwlrq lq
d prgho ljqrulqj wklv lqwhudfwlrq631 Rq wkh rwkhu kdqg/ uhvwulfwlrq U4
fdqqrw eh uhmhfwhg iru wkh |rxqjhvw phq zlwk d forvh wr rqh S0ydoxh/ dv
vxjjhvwhg e| wkh sursruwlrqdolw| whvw frqgxfwhg lq Vhfwlrq 5161
Iru wkh sulph djhg phq/ qhlwkhu wkh phdq qru wkh yduldqfh ri wkh
pl{lqj glvwulexwlrq ydulhv vljqlfdqwo| ryhu wkh f|foh= Dffruglqj wr wkh
"20whvw/ U5 fdqqrw eh uhmhfwhg dw d vljqlfdqfh ohyho ri 8(1 Exw lw lv
uhmhfwhg iru wkh |rxqj phq +S0ydoxh@3 =8(,1 Wkh dyhudjh txdolw| ri wkh
|rxqj pdoh hqwudqwv +dqg lwv glvshuvlrq, lqfuhdvhv vljqlfdqwo| ryhu rxu
revhuydwlrq shulrg1 Xqolnh f|folfdo hhfwv/ vhdvrqdo hhfwv lqgxfh vljql0
fdqw  xfwxdwlrqv ri wkh phdq dqg wkh yduldqfh ri wkh pl{lqj glvwulexwlrq
iru erwk djh jurxsv1
Ilqdoo|/ qrwh wkdw vwdqgdug ghyldwlrq ri wkh vshflfdwlrq huuruv lv vpdoo=
ri wkh rughu ri =34 dqg =35 uhvshfwlyho| iru wkh sulph djhg dqg wkh |rxqj
jurxs1 Iru wkh dgxow srsxodwlrq/ wkh vshflfdwlrq huuru dffrxqwv rqo|
iru 4=5( ri wkh yduldwlrq lq wkh ghshqghqw yduldeoh zkloh lw lv vrphzkdw
odujhu iru wkh |rxqj xqhpsor|hg zrunhuv +6(,1 Frkruw vshflf fdohqgdu
wlph hhfwv duh wkxv xqlpsruwdqw1
Wr frqfoxgh/ iru wkh sulph djhg phq/ f|folfdo yduldwlrqv lq wkh kd}dug
udwh lv jhqhudo dqg fdqqrw eh gxh wr frpsrvlwlrqdo hhfwv1 Rq wkh rwkhu
kdqg/ f|folfdo fkdqjhv lq wkh txdolw| ri |rxqj hqwudqwv lqwr xqhpsor|0
phqw h{sodlq sduw ri wkh  xfwxdwlrqv lq wkhlu djjuhjdwh kd}dug udwh1 Vhd0
vrqdo fkdqjhv lq wkh frpsrvlwlrq ri hqwudqwv lqwr xqhpsor|phqw gulyh
vrph vhdvrqdo yduldwlrqv lq wkh kd}dug iru erwk djh jurxsv1 Udqnlqj fdq
sduwo| h{sodlq wkh qhjdwlyh xqhpsor|phqw gxudwlrq ri sulph djhg xq0
hpsor|hg zrunhuv1 D qhjohfw ri wklv skhqrphqrq fdxvhv wkh yduldqfh ri
wkh pl{lqj glvwulexwlrq wr eh xqghuhvwlpdwhg1 Udqnlqj lv qrw lpsruwdqw
iru |rxqj xqhpsor|hg zrunhuv1
￿fWkhvh hvwlpdwlrq uhvxowv fdq eh rewdlqhg iurp wkh dxwkruv rq uhtxhvw1Fkdswhu 5 7:
51815 Wuxh yhuvxv vsxulrxv gxudwlrq ghshqghqfh
Wkh uhvxowv iru wkh hvwlpdwhg yduldqfh ri wkh pl{lqj glvwulexwlrq lqgl0
fdwh dq lpsruwdqw glvsdulw| ehwzhhq wkh fkdudfwhulvwlfv ri wkrvh  rzlqj
lqwr xqhpsor|phqw1 Iru sulph djhg phq/ wkh hvwlpdwhg yduldqfh ri wkh
Jdppd glvwulexwlrq lv vljqlfdqwo| srvlwlyh dw wkh uhihuhqfh fdohqgdu
wlph ri lq rz +3=;<,1 Wkh glvshuvlrq ri wkh wzr pdvv srlqwv lv orzhu


























Observed duration dependence True duration dependence (GAMMA - R1)
True duration dependence in downturn (GAMMA) True duration dependence in upturn (GAMMA)
Iljxuh 514= Edvholqh kd}dug 0 Phq djhg 5<077
Iljxuh 514 vkrzv/ iru phq djhg 5<077/ wkh gxudwlrq sdwwhuq ri wkh kd}0
dug uhvxowlqj iurp wkuhh glhuhqw prgho vshflfdwlrqv= D prgho zlwk
qhlwkhu xqphdvxuhg khwhurjhqhlw| qru d wlph0gxudwlrq lqwhudfwlrq65/w k h
pl{wxuh prgho +5154, xqghu U4> l1h1 zlwkrxw lqwhudfwlrq/ dqg wkh jhqhudo
pl{wxuh prgho +5154,1 Lq wkh jhqhudo prgho/ wkh gxudwlrq ghshqghqfh lq
wkh xswxuq lv srvlwlyh zkloh lw lv qhjdwlyh lq wkh grzqwxuq1 Zh dwwulexwh
￿￿Qrwh krzhyhu wkdw wkh yduldqfhv ri wkh wzr djh jurxsv duh qrw uhdglo| frpsdudeoh
dv wkh| frph iurp glhuhqw glvwulexwlrqv1 Wkh hvwlpdwhg yduldqfh ri wkh Jdppd
glvwulexwlrq lv fDD iru wkh |rxqj phq1
￿2Lq rughu wr wdnh lqwr dffrxqw lq rz hhfwv lq wklv prgho/ zh dvvxph wkdw wkh
frqglwlrqdo kd}dug lv pxowlsolfdwlyh lq fdohqgdu wlph dw wkh prphqw ri lq rz17; Fkdswhu 5
wklv wr wkh wkhruhwlfdo suhglfwlrq wkdw lq wkh klulqj surfhvv/ udqnlqj df0
fruglqj wr xqhpsor|phqw gxudwlrq lv ohvv lpsruwdqw ru lv hyhq devhqw
lq xswxuq1 Qrwlfh wkdw wkh cwuxh* qhjdwlyh gxudwlrq ghshqghqfh lv ryhu0
hvwlpdwhg +dqg wkh yduldqfh ri wkh pl{lqj glvwulexwlrq xqghuhvwlpdwhg,
zkhq ljqrulqj wkh lqwhudfwlrq1
Vlqfh wkh fxpxodwlyh lqwhudfwlrq lv vshflhg sursruwlrqdo wr wkh edvh0
olqh kd}dug +lq devroxwh ydoxh,/ lw lqfuhdvhv ehwzhhq wkh uvw dqg wkh
vhfrqg gxudwlrq txduwhu/ dqg wkhq ghfuhdvhv1 Wklv phdqv wkdw wkh
pdujlqdo lqwhudfwlrq hhfw ehfrphv qhjdwlyh iurp wkh vhfrqg txduwhu
ri xqhpsor|phqw1 Wklv uhvxow fdq eh xqghuvwrrg lq d frqwh{w zkhuh wkh
hpsor|huv udqn fdqglgdwhv dffruglqj wr wkhlu xqhpsor|phqw gxudwlrq
exw rswlpdoo| fkrrvh d gxudwlrq wkuhvkrog eh|rqg zklfk qr xqhpsor|hg
zrunhuv duh kluhg1 Zlwk wkh vdph dujxphqw dv xvhg lq wkh udqnlqj
prgho/ wklv wkuhvkrog vkrxog ghshqg srvlwlyho| rq wkh oderxu pdunhw
wljkwqhvv1 Iurp wzr gxudwlrq txduwhuv/ wkh edvholqh kd}dug zrxog eh
qr pruh ghfuhdvlqj lq grzqwxuq zkloh lw zrxog frqwlqxh wr gr vr lq xs0
wxuq/ lqgxflqj wkh fxpxodwlyh lqwhudfwlrq hhfw wr ghfolqh1 Krzhyhu/ zh
fdqqrw fkhfn zkhwkhu wklv suhglfwlrq krogv iru odujhu gxudwlrqv dv wkh
errp shulrg vsdqv rqo| 8 txduwhuv1 Pruhryhu/ wkh vpdoo qxpehu ri re0
vhuydwlrqv gxulqj wkh errp shulrg uhtxluhg xv wr lpsrvh d sduvlprqlrxv
vshflfdwlrq ri wkh lqwhudfwlrq whup1 Wkh qhjdwlyh pdujlqdo lqwhudfwlrq
hhfw pd| glvdsshdu li pruh gdwd duh dydlodeoh1
Li zh irfxv rq wkh gxudwlrq ghshqghqfh sdwwhuq hvwlpdwhg lq grzqwxuq/
wkh qdwxuh ri wkh qhjdwlyh gxudwlrq ghshqghqfh ri wkh djjuhjdwh kd}dug
lq Zdoorqld lv odujho| vsxulrxv= Wkh vruwlqj surfhvv gxh wr xqrevhuyhg
khwhurjhqhlw| h{sodlqv prvw ri wkh vkdus ghfolqh lq wkh djjuhjdwh h{lw
udwh zlwk xqhpsor|phqw gxudwlrq iru wkh phq djhg 5<0771 Wkhuh lv d
:( ghfuhdvh lq wkh lqglylgxdo kd}dug ehwzhhq wkh uvw dqg wkh vhfrqg
txduwhu ri xqhpsor|phqw/ dqg wkhq d voljkw lqfuhdvh xs wr iwk txdu0
whu zkhuh wkh kd}dug qhduo| uhdfkhv lwv lqlwldo ohyho1 Jlyhq wkh ohyho ri
sdudphwhuv vljqlfdqfh/ zh fdq dujxh wkdw lqglylgxdo h{lw suredelolwlhv
duh/ li dq|wklqj/ voljkwo| ghfuhdvlqj ryhu wkh uvw 418 |hduv ri xqhpsor|0
phqw dqg h{klelw vljqlfdqw qhjdwlyh gxudwlrq ghshqghqfh diwhuzdugv1
Diwhu wzr |hduv dqg d kdoi ri xqhpsor|phqw wkh frqglwlrqdo kd}dug kdv
gursshg e| 53(1
Zh qrz wxuq wr wkh hvwlpdwhg gxudwlrq ghshqghqfh sdwwhuq iru wkhFkdswhu 5 7<
|rxqj xqhpsor|hg zrunhuv1 Dv wkh lqwhudfwlrq sdudphwhu lv xqvljqli0
lfdqwo| glhuhqw iurp }hur/ wkh hvwlpdwhg gxudwlrq ghshqghqfh ri wkh
h{lw udwh grhv qrw ydu| ryhu wkh exvlqhvv f|foh1 Diwhu fruuhfwlqj iru xq0
revhuyhg khwhurjhqhlw|/ wkh hvwlpdwhg gxudwlrq ghshqghqfh lv vwurqjo|
srvlwlyh1 Wkh edvholqh kd}dug lv/ krzhyhu/ yhu| lpsuhflvho| hvwlpdwhg1
Dv vwdwhg deryh/ zh fdqqrw uhmhfw gxudwlrq wr iroorz dq h{srqhqwldo glv0
wulexwlrq dw d vljqlfdqfh ohyho ri 8(1 Zh fdq wkhuhiruh frqfoxgh wkdw
wkh revhuyhg qhjdwlyh gxudwlrq ghshqghqfh ri wkh djjuhjdwh kd}dug lv
frpsohwho| vsxulrxv iru wkh |rxqj jurxs1
Krz wr h{sodlq wkh glhuhqfhv lq wkh gxudwlrq sdwwhuq ehwzhhq wkh
glvwlqfw djh jurxsvB Iluvw/ xqolnh iru wkh dgxow xqhpsor|hg zrunhuv/
wkhuh lv qr hylghqfh ri udqnlqj iru wkh |rxqj shrsoh1 Zk| lv wkh udqnlqj
uxoh qrw uhohydqw iru wkh |rxqj zrunhuvB Wkh ghsuhfldwlrq ri kxpdq
fdslwdo gxulqj xqhpsor|phqw lv olnho| wr eh pruh lpsruwdqw iru wkh roghu
zrunhuv wkdq iru |rxqjhu1 Wklv lv ehfdxvh wkh vnloov wkdw roghu zrunhuv
kdyh dftxluhg rq wkhlu suhylrxv mre pd| uhtxluh pruh pdlqwhqdqfh wkdq
wkh jhqhudo vnloov ohduqw dw vfkrro1 Wkh hpsor|hu fdq wkhuhiruh lqfuhdvh
wkh surgxfwlylw| ri klv uhfuxlwv e| udqnlqj wkh roghu zrunhuv dffruglqj
wr xqhpsor|phqw gxudwlrq1 Wkh uholdelolw| ri wkh udqnlqj uxoh iru wkh
sulph0djhg phq lv uhlqirufhg/ ehfdxvh wkhlu frqglwlrqdo kd}dug h{klelwv
wuxh qhjdwlyh gxudwlrq ghshqghqfh diwhu 418 |hduv wkdw lv xqolnho| wr eh
frpsohwho| h{sodlqhg e| wkh udqnlqj lq wkh uhfuxlwphqw surfhgxuh661I r u
wkh |rxqj phq/ wkh frqglwlrqdo kd}dug lv qrw ghfuhdvlqj1
Wkh kljkhu udwh ri kxpdq fdslwdo ghsuhfldwlrq fdq dovr ohdg wr d pruh
udslg cghprwlydwlrq* ri roghu zrunhuv lq wkhlu vhdufk iru d mre1 Revhuyh
wkdw wkh qhw h{shfwhg uhwxuqv wr wkh rq0wkh0mre lqyhvwphqwv uhtxluhg lq
d qhz mre duh orzhu iru roghu wkdq iru |rxqjhu zrunhuv/ vlpso| ehfdxvh
roghu zrunhuv idfh d vkruwhu krul}rq1 Wklv pd| qrw rqo| dhfw wkh vhdufk
lqwhqvlw| ohyho/ exw dovr lwv sdwwhuq ryhu gxudwlrq1 Wkh pruh kxpdq
fdslwdo ghsuhfldwhv/ wkh odujhu wkh rq0wkh0mre lqyhvwphqwv uhtxluhg lq
wkh qhz mre1
Glhuhqwldo sduwlflsdwlrq lq dfwlyh oderxu pdunhw surjudpphv +DOPSv,
￿￿Zh fdqqrw lqihu wklv iurp rxu gdwd/ ehfdxvh wkh revhuydwlrq shulrg lq wkh xswxuq
lv wrr vkruw/ l1h1 rqo| 8 txduwhuv1 Li wkh qhjdwlyh gxudwlrq ghshqghqfh ri wkh frqgl0
wlrqdo kd}dug zrxog qrw eh revhuyhg lq wkh xswxuq/ wkh qhjdwlyh gxudwlrq ghshqghqfh
zrxog eh frpsohwho| lqgxfhg e| udqnlqj183 Fkdswhu 5
fdq dovr h{sodlq wkh glhuhqw sdwwhuq ri gxudwlrq ghshqghqfh ehwzhhq
wkh wzr djh jurxsv1 Iru/ sduwlflsdwlrq lq DOPSv lq Ehojlxp lv riwhq
wdujhwhg wr |rxqj dqg orqj0whup xqhpsor|hg zrunhuv1 Ehvlghv/ |rxqj
shrsoh duh olnho| wr eh pruh lqyroyhg lq DOPSv jlyhq wkdw wkh| h{shfw
d kljkhu uhwxuq ri wkhvh surjudpv wkdq roghu shrsoh zkr kdyh d orzhu
wlphvsdq wr dpruwlvh wkhlu lqyhvwphqw1 Krzhyhu/ zh gr qrw kdyh dq|
jxuhv wr fruurerudwh wkh idfw wkdw wkh |rxqj xqhpsor|hg sduwlflsdwh
pruh wr DOPSv wkdq wkh sulph0djhg xqhpsor|hg lq Ehojlxp1 Li lw lv
dfwxdoo| wkh fdvh/ wklv pd| lqgxfh wkh edvholqh kd}dug ri wkh |rxqjhu
zrunhuv wr lqfuhdvh zlwk xqhpsor|phqw gxudwlrq vlqfh lq rxu gdwd vhw
sduwlflsdqwv lq wkhvh surjudpphv duh uhfrughg wr ohdyh xqhpsor|phqw67
li wkh| gr qrw uhwxuq zlwklq wkh qh{w txduwhu681
Ilqdoo|/ wkh uxohv jryhuqlqj wkh xqhpsor|phqw ehqhw vfkhph pd| lq0
gxfh |rxqjhu zrunhuv wr vhdufk pruh lqwhqvlyho| dv wkh| duh orqjhu rq
wkh groh1 Iru/ wkh olnholkrrg wkdw |rxqj pdoh zrunhuv duh khdg ri d
idplo| lv orzhu wkdq iru wkh roghu djh jurxs1 Vlqfh xqhpsor|phqw ehq0
hwv iru wkrvh zkr duh qrw khdg ri d idplo| gurs diwhu 4 |hdu dqg rqfh
pruh diwhu 4; prqwkv li rqh lv frkdelwdqw/ h1j1 olylqj zlwk rqh*v sdu0
hqwv/ wkh |rxqj zloo ghfuhdvh wkhlu uhvhuydwlrq zdjh dqg lqfuhdvh wkhlu
vhdufk lqwhqvlw| judgxdoo| zlwk xqhpsor|phqw gxudwlrq +vhh Ydq ghq
Ehuj 4<<3,1 E| frqwudvw/ wkh khdgv ri krxvhkrogv duh hqwlwohg wr d frq0
vwdqw xqhpsor|phqw ehqhw iru dq lqghqlwh gxudwlrq1 Pruhryhu/ vlqfh
wkh gurs lq wkh ohyho ri xqhpsor|phqw ehqhwv diwhu 4; prqwkv fdq eh
srvwsrqhg zlwk d idfwru wkdw lv sursruwlrqdo wr sdvw zrun h{shulhqfh/
wkh pruh h{shulhqfhg dqg wkhuhiruh roghu frkdelwlqj zrunhuv zloo dovr
eh ohvv dhfwhg e| wkh ghfolqlqj suroh ri xqhpsor|phqw ehqhwv691
￿eDq h{fhswlrq wr wklv uxoh lv wkh sduwlflsdwlrq lq frxqvholqj surjudpphv= Wkh
zrunhu uhpdlqv uhjlvwhuhg dv xqhpsor|hg1
￿DWklv lv wkh vr0fdoohg cwdxwrorjlfdo* hhfw ri DOPSv +vhh Fdopiruv 4<<7,1
￿SDqrwkhu uhdvrq wr h{sodlq wkh glhuhqw sdwwhuq ri gxudwlrq ghshqghqfh ehwzhhq
wkh wzr djh jurxsv lv uhodwhg wr whpsrudu| h{lwv wr hpsor|phqw1 Lq rxu gdwd vhw/ dq
h{lw vkrxog odvw dw ohdvw wkuhh prqwkv wr eh uhfrughg dv vxfk1 Dv d frqvhtxhqfh/ wkh
phdvxuh ri wkh hodsvhg gxudwlrq lqwr xqhpsor|phqw zloo qrw eh dhfwhg e| vkruw h{lwv
wr hpsor|phqw1 Vlqfh |rxqj zrunhuv duh ryhu0uhsuhvhqwhg lq whpsrudu| frqwudfwv +lq
4<<;/ 67( ri wkhvh zhuh khog e| zrunhuv djhg ohvv wkdq 58 |hduv rog zkloh wkhvh zrunhuv
uhsuhvhqw rqo| 43( ri vdodulhg hpsor|phqw/ vhh Ydq Kdhshuhq 5333,/ wkh| duh olnho|
wr dffxpxodwh vkruw vwd|v lqwr hpsor|phqw gxulqj wkhlu xqhpsor|phqw vshoo/ wkhuhe|
pdlqwhqlqj vnloov dqg zrun kdelwv1 Zh pljkw wkhuhiruh xqghuhvwlpdwh wkh h{whqw ri
w u x hq h j d w l y hg x u d w l r qg h s h q g h q f hi r uw k h| r x q jp h q 1Fkdswhu 5 84
Zh qlvk wkh glvfxvvlrq ri rxu hvwlpdwlrq uhvxowv rq gxudwlrq ghshq0
ghqfh dqg khwhurjhqhlw| e| frpsdulqj wkhp wr wkrvh rewdlqhg lq rwkhu
vwxglhv1 Iru sxusrvh ri frpsdulvrq zlwk rxu dqdo|vlv/ zh uhvwulfw rxu
glvfxvvlrq wr uhfhqw Hxurshdq vwxglhv rq xqhpsor|phqw gxudwlrq dsso|0
lqj d PSK iudphzrun dqg d  h{leoh ixqfwlrqdo irup iru wkh gxudwlrq
ghshqghqfh +iru d pruh frpsohwh vxuyh|/ vhh Pdfklq dqg Pdqqlqj 4<<<,1
Lq ylhz ri rxu uhvxowv Ehojlxp ehorqjv wr wkh odujh srro ri Hxurshdq
frxqwulhv zkhuh wkhuh lv erwk qr pdunhg hylghqfh ri cwuxh* qhjdwlyh gx0
udwlrq ghshqghqfh ri wkh h{lw udwh rxw ri xqhpsor|phqw dqg lpsruwdqw
cvsxulrxv* ghshqghqfh1 Vr wkh Xqlwhg Nlqjgrp vhhpv wr uhpdlq wkh h{0
fhswlrq/ zlwk lqglylgxdo xqhpsor|phqw gxudwlrq glvwulexwlrqv h{klelwlqj
vwurqj qhjdwlyh gxudwlrq ghshqghqfh dqg qrw ehlqj vljqlfdqwo| khwhur0
jhqhrxv +vhh Qlfnhoo 4<:</ Ydq ghq Ehuj dqg Ydq Rxuv 4<<7/ Ndozlm
5334,1
Zlwk uhvshfw wr wkh sulph djhg phq/ wkh gxudwlrq ghshqghqfh ri wkh
frqglwlrqdo kd}dug lq Zdoorqld uhvhpeohv pxfk wkh rqh wkdw lv irxqg iru
wkh Qhwkhuodqgv dqg Iudqfh/ zkhuh wkhuh lv hylghqfh ri qrq0prqrwrqlf
wuxh gxudwlrq ghshqghqfh/ uvw frqvwdqw/ ru hyhq voljkwo| lqfuhdvlqj/ wkhq
ghfuhdvlqj1 Xvlqj d qrq0sdudphwulf vshflfdwlrq ri wkh pl{lqj glvwulex0
wlrq/ Ydq ghq Ehuj hw do1 +4<<;, hvwlpdwh d voljkwo| lqfuhdvlqj wuhqg ri
wkh lqglylgxdo rxw rz suredelolwlhv ryhu wkh uvw |hdu ri xqhpsor|phqw
iru wkh phq djhg 5807</ zkloh wkhvh h{klelw vljqlfdqw qhjdwlyh gxudwlrq
ghshqghqfh rqzdugv6:1 Dowkrxjk wkh| wuhdw wkh srsxodwlrq ri pdoh xq0
hpsor|hg joredoo|/ Ydq ghq Ehuj dqg Ydq Rxuv +4<<7, dqg Nhufnkrv hw
do1 +4<<7, rewdlq wkh vdph nlqg ri qrq0prqrwrqlflw| lq wkh Qhwkhuodqgv/
xvlqj d glvfuhwh pl{lqj glvwulexwlrq1 \hw/ wkh hvwlpdwhg kd}dug lv ryhudoo
frqvwdqw ryhu wkh uvw |hdu ri xqhpsor|phqw +uvw lqfuhdvlqj/ wkhq gh0
fuhdvlqj, dqg ghfolqhv yhu| plogo| rqzdugv1 Qrwlfh wkdw xqolnh Ehojlxp/
Iudqfh dqg wkh Qhwkhuodqgv/ wkhuh lv d voljkw srvlwlyh ghshqghqfh ri wkh
h{lw udwh ryhu doo gxudwlrqv lq Jhupdq| +vhh Vwhlqhu 5334,/ Vsdlq +vhh
￿.Rqo| wkh uvw irxu txduwhuv ri xqhpsor|phqw duh h{solflwo| lqwurgxfhg lq wkhlu
hpslulfdo dqdo|vlv1 Wkh| xvh dq lqirupdo surfhgxuh wr ghgxfh wkh gxudwlrq ghshq0
ghqfh sdwwhuq eh|rqg1 Wkh| hvwlpdwh qrq0sdudphwulfdoo| wkh prphqwv ri wkh pl{lqj
glvwulexwlrq/ dqg vkrz wkdw wkhvh duh frpsdwleoh zlwk d wzr srlqwv ri vxssruw glv0
wulexwlrq1 Wkh hvwlpdwh ri wklv pl{lqj glvwulexwlrq rq gdwd uhjduglqj wkh uvw irxu
txduwhuv rqo| dqg wkh djjuhjdwh revhuyhg h{lw udwhv duh wkhq xvhg wr lqihu wkh gxudwlrq
ghshqghqfh ri wkh frqglwlrqdo h{lw udwh iru wkh lqwhuydov eh|rqg rqh |hdu185 Fkdswhu 5
Eryhu hw do1 4<<9, dqg Qruzd| +vhh Khuqdhv dqg Vwurp 4<<9,1
Frqfhuqlqj wkh |rxqj mre0vhhnhuv/ prvw ri wkh vwxglhv whqg wr hvwlpdwh
d frqvwdqw/ ru zhdno| qhjdwlyh +diwhu vrph txduwhuv ri lqdfwlylw|,/ gxud0
wlrq ghshqghqfh ri wkh h{lw udwh1 Ydq ghq Ehuj dqg Ydq Rxuv +4<<<, dv
zhoo dv Ydq ghq Ehuj hw do1 +4<<;, irxqg wkdw |rxqj xqhpsor|phqw gx0
udwlrq glvwulexwlrqv lq Iudqfh h{klelw qr vljqlfdqw gxudwlrq ghshqghqfh
gxulqj wkh uvw |hdu ri xqhpsor|phqw dqg d prghudwh qhjdwlyh gxud0
wlrq ghshqghqfh wkhuhdiwhu6;1 Vshfli|lqj d Jdppd pl{lqj glvwulexwlrq/
G*Dgglr +4<<;, irxqg qr hylghqfh ri qhjdwlyh wuxh gxudwlrq ghshqghqfh
ri wkh h{lw udwh ri |rxqj Iuhqfk zrunhuv xqolnh wkh suhfhglqj dxwkruv1
Ehvlghv/ dq h{srqhqwldo glvwulexwlrq iru wkh gxudwlrq ghshqghqfh sdwwhuq
fdqqrw eh uhmhfwhg dv lq rxu dqdo|vlv1
Zh vkrxog/ krzhyhu/ nhhs lq plqg wkdw prvw ri wkh uhylhzhg vwxglhv
gr qrw doorz wkh sdwwhuq ri wkh gxudwlrq ghshqghqfh wr ydu| ryhu wkh
exvlqhvv f|foh1 Dv lv vkrzq lq wklv vwxg|/ wklv srwhqwldoo| eldvhv wkhlu
qglqjv uhjduglqj gxudwlrq ghshqghqfh grzqzdugv1 Wzr h{fhswlrqv
duh wkh vwxglhv ri Ndozlm +5334, dqg Urvkrop +5334,/ zklfk doorz iru
d ixoo lqwhudfwlrq ehwzhhq gxudwlrq ghshqghqfh dqg wkh exvlqhvv f|foh1
Urvkrop +5334, hvwlpdwhg wkdw wkh gxudwlrq ghshqghqfh ri wkh kd}dug
ehfrphv ohvv qhjdwlyh/ exw lqvljqlfdqwo| vr/ zkhq xqhpsor|phqw lq0
fuhdvhv iru dgxow pdoh zrunhuv6</ hyhq diwhu frqwuroolqj iru xqrevhuyhg
khwhurjhqhlw|1 Kh lqwhusuhwv wklv dv hylghqfh djdlqvw wkh udqnlqj prgho1
Rq wkh frqwudu|/ Ndozlm +5334, irxqg hylghqfh ri udqnlqj iru phq xq0
hpsor|hg zrunhuv djhg 4;08<= Wkh edvholqh kd}dug ghfuhdvhv idvwhu lq d
wlphv ri orz hfrqrplf jurzwk wkdq lq wlphv ri kljk hfrqrplf jurzwk1
Krzhyhu/ wkh glhuhqfh ehwzhhq wkh vorshv ri wkh edvholqh kd}dug dfurvv
wkh exvlqhvv f|foh lv yhu| wklq/ sduwlfxoduo| dw vkruw gxudwlrqv1
Qrwh wkdw rxu vwxg| grhv qrw rqo| lqglfdwh wkdw ljqrulqj dq lqwhudfwlrq
ehwzhhq wkh gxudwlrq ghshqghqfh dqg wkh exvlqhvv f|foh pd| eldv wkh
hvwlpdwlrqv1 Lw dovr vxjjhvwv wkdw wkh gxudwlrq ghshqghqfh/ dqg vr udqn0
lqj/ pd| qrw eh vlplodu dfurvv djh jurxsv1 Wkh frpprq73 dvvxpswlrq
wkdw djh dhfwv wkh edvholqh kd}dug sursruwlrqdoo|/ pd| dffruglqjo| ohdg
￿HVhh wkh suhfhhglqj irrwqrwh1
￿bW k hl q w h u d f w l r qe h w z h h qw k he d v h o l q hk d } d u gd q gw k hx q h p s o r | p h q wu d w hl vq r w
vljqlfdqw iru wkh |rxqj phq1
efUrvkrop +5334, dqg ydq ghq Ehuj hw do1 +4<<;, ghyldwh iurp wklv frpprq uxoh
dqg vshfli| d glvwlqfw edvholqh kd}dug e| djh jurxsv1Fkdswhu 5 86
wr lqfruuhfw frqfoxvlrqv1
Rxu qglqjv fdvw vhulrxv grxew rq wkh uholdelolw| ri vrph vwxglhv dw0
whpswlqj wr glvhqwdqjoh wuxh iurp vsxulrxv gxudwlrq ghshqghqfh lq Eho0
jlxp +vhh Vslqqhz|q 4<;5 dqg Pdk| 4<<7,1 Xvlqj vwurqj sdudphwulf
dvvxpswlrqv +Zhlexoo, uhjduglqj wkh edvholqh kd}dug/ wkh| hvwlpdwh d
vljqlfdqw srvlwlyh gxudwlrq ghshqghqfh ri wkh frqglwlrqdo edvholqh kd}0
dug1 Qrwh wkdw/ dvvxplqj d Jdppd pl{lqj glvwulexwlrq/ Nhufnkrv hw
do1 +4<<7, hvwlpdwh iru wkh Qhwkhuodqgv d vwurqj srvlwlyh gxudwlrq gh0
shqghqfh zlwk d Zhlexoo edvholqh kd}dug vshflfdwlrq zkloh wkh| rewdlq
d vlplodu uhvxow dv rxuv zkhq doorzlqj iru d  h{leoh gxudwlrq ghshqghqfh
sdwwhuq1 Wkhvh qglqjv frqup wkdw wkh lpsruwdqfh ri vshfli|lqj wkh
edvholqh kd}dug zlwk vx!flhqw  h{lelolw| +vhh dovr Khfnpdq dqg Vlqjhu
4<;7,1 Ilqdoo|/ qrwh wkdw wkh srvlwlyh gxudwlrq ghshqghqfh irxqg e|
Sodvpdq +4<<6, lv qrw lqfrqvlvwhqw zlwk rxu qglqjv1 Iru/ kh uhvwulfwv
klv dqdo|vlv wr |rxqj vfkrro ohdyhuv/ h{foxghg iurp rxu vwxg|1
















































































































































Men aged 29-44 (GAMMA) Men aged <=28 (POINTS OF SUPPORT) Kredietbank indicator
Iljxuh 515= F|folfdo ghshqghqfh ri wkh frqglwlrqdo kd}dug dqg wkh Nuhgl0
hwedqn lqglfdwru +uljkw vfdoh,87 Fkdswhu 5
Wkh rxw rz udwh iurp xqhpsor|phqw dsshduv wr eh surf|folfdo iru phq
lq Zdoorqld/ dv revhuyhg lq frpsdulqj d Ehojldq exvlqhvv f|foh lqglfdwru
+wkh Nuhglhwedqn lqglfdwru/ vhh Nuhglhwedqn 4<<:, dqg wkh hvwlpdwhg
yh ghjuhhv sro|qrpldo ixqfwlrq lq Iljxuh 5151
Wkh h{lw udwh ri wkh |rxqj xqhpsor|hg lv pruh khdylo| klw e| wkh uh0
fhvvlrq lq 4<<6 wkdq wkh rqh ri wkh dgxow xqhpsor|hg= Wkhuh lv d qhduo|
73( +uhvs1 93(, gurs lq wkh frqglwlrqdo kd}dug lq Dxjxvw 4<<6 frp0
sduhg wr lwv ohyho lq Qryhpehu 4<;< iru wkh phq djhg 5<077 +uhvs1 phq
djhg ?@5;,1 Wklv lv frqvlvwhqw zlwk wkh orzhu wxuqryhu frvwv iru |rxqjhu
zrunhuv1 Lw frqwudvwv/ krzhyhu/ zlwk wkh qglqjv ri Ydq ghq Ehuj hw do1
+4<<;, zkr hvwlpdwhg wkdw wkh h{lw udwh ri |rxqj zrunhuv lv ohvv dhfwhg



















































































































Calendar time at inflow
Iljxuh 516= Phdq ri wkh pl{lqj glvwulexwlrq +Jdppd, ryhu wkh f|foh 0
Phq djhg 5<077
Iljxuhv 516 dqg 517 vkrz wkh hvwlpdwhg gh0vhdvrqdolvhg phdq ri wkh
pl{lqj glvwulexwlrq dw hdfk fdohqgdu wlph ri rxu revhuydwlrq shulrg iru
erwk djh jurxsv741 Zh revhuyh wkdw wkh txdolw| ri sulph0djhg pdoh hq0
wudqwv kdv ghfolqhg/ dowkrxjk qrw vljqlfdqwo|/ iurp wkh f|folfdo shdn dw
wkh hqg ri 4<;< wr wkh grzqwxuq lq 4<<6/ zkloh wkh qxpehu ri lq rzv
lqwr xqhpsor|phqw zdv lqfuhdvlqj1 Krzhyhu/ vlqfh wklv hhfw lv vpdoo
e￿Khuh/ zh gr qrw uhsuhvhqw wkh hvwlpdwhg fdohqgdu wlph ghshqghqfh ri wkh yduldqfh/
zklfk lv vlpso| wzlfh wkh hyroxwlrq ri wkh phdq +erwk lq wkh Jdppd dqg wkh qrq0
sdudphwulf glvwulexwlrq,1Fkdswhu 5 88
dqg lqvljqlfdqw/ zh frqfoxgh wkdw frpsrvlwlrqdo yduldwlrq fdqqrw h{0
sodlq dq| f|folfdo yduldwlrq ri wkh djjuhjdwh kd}dug iru wkh sulph0djhg
xqhpsor|hg zrunhuv1 Gxulqj wkh vdph shulrg/ wkh txdolw| ri |rxqj pdoh
hqwudqwv vljqlfdqwo| lpsuryhg/ zklfk vxjjhvwv d ulvlqj vkduh ri |rxqj
hqwudqwv zlwk jrrg uh0hpsor|phqw survshfwv dv oderxu pdunhw frqgl0
wlrqv ghwhulrudwh lq Zdoorqld1 Dssduhqwo|/ hpsor|huv uh wkh prvw deoh
zrunhuv rqo| li wkh| kdyh qr dowhuqdwlyh/ l1h1 lq d uhfhvvlrq1 Ohvv deoh
zrunhuv duh pdgh uhgxqgdqw doo wkh wlph1 Qrwh wkdw zh gr qrw fdswxuh




















































































































Calendar time at inflow
Iljxuh 517= Phdq ri wkh pl{lqj glvwulexwlrq +Srlqwv ri vxssruw, ryhu wkh
f|foh 0 Phq djhg ?@5;
Dowkrxjk kh wuhdwv wkh srsxodwlrq ri pdoh zrunhuv joredoo|/ Ndozlm
+5334, irxqg wkdw wkh txdolw| ri hqwudqwv lpsuryhg vljqlfdqwo| lq wlphv
ri orz hfrqrplf jurzwk/ iru wkh Xqlwhg Nlqjgrp1 Zlwk uhvshfw wr wkh
sulph djhg phq/ rxu qglqjv duh lq olqh zlwk wkh uhvxowv rewdlqhg zlwk
Iuhqfk gdwd e| Deeulqj hw do1 +5334d, dqg Ydq ghq Ehuj dqg Ydq ghu
Noddxz +5334,1 Wkh| frqfoxgh wkdw frpsrvlwlrqdo hhfwv duh ri plqru
lpsruwdqfh wr h{sodlq yduldwlrqv lq wkh rxw rz udwh ryhu wlph1 Qrwlfh
wkdw Ydq ghq Ehuj hw do1 +4<<;, glg qrw dffrxqw iru f|folfdo frpsrvlwlrq
hhfwv1 Zh fdq wkhuhiruh h{sodlq wkh glyhujhqfh ehwzhhq wkhlu uhvxowv
dqg rxuv dv uhjdugv wr wkh f|folfdo sdwwhuq lq wkh h{lw udwh ri |rxqj phq189 Fkdswhu 5
Iru/ wkh vwurqj ghfolqh lq wkhlu rxw rz udwh lq uhfhvvlrq +vhh Iljxuh 515,
zrxog eh plwljdwhg li zh glg qrw dffrxqw iru wkh lqfuhdvh lq wkhlu dyhudjh
txdolw| dw hqwu| lqwr xqhpsor|phqw1 Ilqdoo|/ qrwh wkdw zh rqo| revhuyh
gdwd lq wkh ghvfhqglqj skdvh ri d exvlqhvv f|foh1 Zh vkrxog wkhuhiruh
eh fdxwlrxv zkhq jhqhudolvlqj rxu qglqjv wr wkh frpsohwh f|foh1 Iru
lqvwdqfh/ Urvkrop +5334, qgv iru Gdqlvk gdwd wkdw wkh frpsrvlwlrqdo





Sum Aut Win Spr
Season at inflow
Iljxuh 518= Phdq ri wkh pl{lqj glvwulexwlrq +Jdppd, ryhu vhdvrqv 0
Phq djhg 5<077
Wkhuh lv dovr vrph vhdvrqdo yduldwlrq lq wkh dyhudjh txdolw| ri wkh
lq rz dv zh revhuyh lq Iljxuhv 518 dqg 5191 Iru wkh roghvw phq/ wkh
dyhudjh fkdudfwhulvwlfv ri qhz hqwudqwv voljkwo| zruvhq lq dxwxpq dqg
vsulqj frpsduhg wr wkrvh revhuyhg lq wkh rwkhu vhdvrqv1 Wkh txdolw| ri
wkh |rxqj hqwudqwv lv idu ehwwhu lq wkh vxpphu wlph wkdq lq doo rwkhu
vhdvrqv1
Zh dovr qg vljqlfdqw vhdvrqdo yduldwlrqv lq wkh rxw rz udwh wkdw
uhpdlq xqh{sodlqhg e| wkh vhdvrqdo yduldwlrq lq wkh txdolw| ri wkh lq rz
+vhh Wdeohv 514 dqg 515 lq Dsshqgl{ 7,1 Wkhvh duh derxw wkh vdph iru
erwk djh jurxsv1 Dv h{shfwhg/ wkh vxpphu dqg wkh zlqwhu wlph vhhpv
wr lpshgh d orw wkh h{lw iurp xqhpsor|phqw/ zkloh wkh oderxu pdunhw





Sum Aut Win Spr
Season at inflow
Iljxuh 519= Phdq ri wkh pl{lqj glvwulexwlrq +Srlqwv ri vxssruw, ryhu
vhdvrqv 0 Phq djhg ?@5;
519 Frqfoxvlrq
Lq wklv fkdswhu/ zh lqyhvwljdwhg zkdw fdxvhv wkh djjuhjdwh h{lw udwh
rxw ri xqhpsor|phqw hvwlpdwhg lq Zdoorqld wr ghfolqh vwurqjo| ryhu
gxudwlrq dqg wr ydu| ryhu fdohqgdu wlph1 Wr wkdw sxusrvh/ zh sursrvhg
wr uhod{ wkh frpprqo| xvhg PSK vshflfdwlrq lq wzr zd|v1 Iluvw/ zh
doorzhg wkh lqglylgxdo kd}dug wr ydu| qrq0sursruwlrqdoo| ehwzhhq wzr
vxe0shulrgv/ l1h1 d errp dqg d uhfhvvlrq/ lq rughu wr whvw wkh udqnlqj
k|srwkhvlv1 Vhfrqg/ zh doorzhg iru udqgrp ghyldwlrqv iurp wkh PSK
iudphzrun e| lqwurgxflqj frkruw0vshflf udqgrp exvlqhvv f|foh hhfwv
dw wkh wlph ri h{lw1
Zh hvwlpdwhg rxu prgho e| Plqlpxp Fkl0Vtxduhv rq txduwhuo| gdwd ri
pdoh zrunhuv hqwhulqj xqhpsor|phqw ehwzhhq Mxqh 4<;< dqg Iheuxdu|
4<<71 Zh glvwlqjxlvkhg ehwzhhq wzr djh jurxsv/ wkrvh djhg ohvv wkdq
5< dqg zrunhuv ehwzhhq 5< dqg 77 |hduv rog1 Iru erwk djh jurxsv/ zh
irxqg wkdw khwhurjhqhlw| lqgxfhv vljqlfdqw vsxulrxv qhjdwlyh gxudwlrq
ghshqghqfh ri wkh djjuhjdwh kd}dug1 Gxulqj d uhfhvvlrq/ wkh frqglwlrqdo
kd}dug ri sulph0djhg phq lv/ li dq|wklqj/ voljkwo| ghfuhdvlqj ryhu wkh uvw
418 |hduv ri xqhpsor|phqw/ dqg h{klelwv vljqlfdqw qhjdwlyh gxudwlrq
ghshqghqfh rqzdugv1 Zkhq wkh oderxu pdunhw frqglwlrqv dpholrudwh/
gxudwlrq ghshqghqfh lv voljkwo| srvlwlyh1 Vr/ wkhuh lv hylghqfh ri udqnlqj8; Fkdswhu 5
iru wkh dgxow xqhpsor|hg1 Iru wkh |rxqj phq/ wkh lqglylgxdo h{lw udwh
fdqqrw eh uhmhfwhg wr eh frqvwdqw ryhu doo gxudwlrqv/ zkdwhyhu wkh vwdwh
ri wkh exvlqhvv f|foh1 Udqnlqj lv wkhuhiruh qrw lpsruwdqw iru wkh |rxqj
xqhpsor|hg zrunhuv1
Rq wkh edvlv ri wkhvh uhvxowv/ zh frqfoxgh wkdw ghwhulrudwlrq ri vnloov
dqg ghprwlydwlrq gxulqj xqhpsor|phqw/ hyhq li wkh| sod| d uroh/ fdqqrw
eh wkh pdlq fkdqqho ri xqhpsor|phqw shuvlvwhqfh lq Zdoorqld1 Wkh
k|vwhuhvlv gldjqrvlv ri xqhpsor|phqw shuvlvwhqfh ruljlqdwhv iurp wkh
Xqlwhg Nlqjgrp +vhh h1j1 Od|dug hw do1 4<<4,/ zkhuh lqglylgxdo h{lw
udwhv h{klelw vwurqj qhjdwlyh gxudwlrq ghshqghqfh1 Hpslulfdo vwxglhv rq
xqhpsor|phqw gxudwlrq dqg khwhurjhqhlw| lq Hxursh kdyh suryhq wkdw
wkh Xqlwhg Nlqjgrp uhpdlqv wkh h{fhswlrq lq d odujh srro ri frxqwulhv
zkhuh wkhuh lv qr pdunhg hylghqfh ri wuxh qhjdwlyh gxudwlrq ghshqghqfh1
Dprqj wklv jurxs/ wkh gxudwlrq ghshqghqfh ri wkh frqglwlrqdo kd}dug
lq Zdoorqld uhvhpeohv pxfk wr wkh rqh wkdw lv irxqg lq wkh Qhwkhuodqgv
dqg lq Iudqfh1
Iru wkh phq djhg ehwzhhq 5< dqg 77 |hduv rog/ wkh surf|folfdo yduldwlrq
ri wkh djjuhjdwh h{lw udwh lq Zdoorqld lv gulyhq e| d f|folfdo  xfwxdwlrq
lq wkh lqglylgxdo h{lw udwh ri doo fxuuhqwo| xqhpsor|hg udwkhu wkdq e| d
fkdqjh lq wkh dyhudjh txdolw| ri wkh qhz hqwudqwv zlwklq wkh hfrqrplf
f|foh1 Wklv qglqj lv lq olqh zlwk wkh uhvxowv rewdlqhg zlwk Iuhqfk gdwd1
Rq wkh rwkhu kdqg/ wkh vwurqj ghfolqh lq wkh lqglylgxdo rxw rz udwh ri wkh
|rxqj zrunhuv lq uhfhvvlrq vhhpv wr eh plwljdwh dw wkh djjuhjdwh ohyho e|
d vljqlfdqw lqfuhdvh lq wkh txdolw| ri wkrvh  rzlqj lqwr xqhpsor|phqw1
Dv zh rqo| revhuyh gdwd lq wkh ghvfhqglqj skdvh ri d exvlqhvv f|foh/
zh vkrxog/ krzhyhu/ eh fdxwlrxv zkhq jhqhudolvlqj rxu qglqjv wr wkh
frpsohwh f|foh1 Vhdvrqdo  xfwxdwlrqv lq wkh djjuhjdwh h{lw udwh duh wkh
uhvxow ri odujh vhdvrqdo yduldwlrqv erwk lq wkh lqglylgxdo h{lw udwh dqg lq
wkh dyhudjh fkdudfwhulvwlfv ri wkh lq rz1
Dv wr wkh hvwlpdwlrq ri pl{wxuh prghov/ rxu dqdo|vlv lv lq olqh zlwk
wkh uhfhqw Prqwh Fduor hylghqfh ri Ednhu dqg Pholqr +5333,1 Iru wkh
|rxqj zrunhuv/ zh frxog qrw uhmhfw wkh k|srwkhvlv ri d frqvwdqw edvh0
olqh kd}dug1 Lq wklv fdvh/ Ednhu dqg Pholqr uhsruw wkdw wkh hvwlpdwru
ri qrq0sdudphwulf pl{wxuh lv zhoo ehkdyhg1 Dffruglqj wr wkh Vfkzduw}
Lqirupdwlrq Fulwhulrq/ zh lqghhg uhmhfw wkh sdudphwulf Jdppd pl{wxuh
djdlqvw wkh qrq0sdudphwulf1 Krzhyhu/ li wkh kd}dug glvsod|v gxudwlrq gh0Fkdswhu 5 8<
shqghqfh dqg erwk wkh edvholqh kd}dug dqg wkh pl{lqj glvwulexwlrq duh
vshflhg qrq0sdudphwulfdoo|/ Ednhu dqg Pholqr surylgh hylghqfh ri d vlj0
qlfdqw eldv1 Hyhq li wklv eldv fdq eh vljqlfdqwo| uhgxfhg e| wkhlu prg0
lhg hvwlpdwlrq surfhgxuh/ wkh| fdqqrw suhfoxgh d ehwwhu shuirupdqfh
iru d sdudphwulf pl{lqj glvwulexwlrq1 Iru wkh zrunhuv djhg ehwzhhq 5<
dqg 77 |hduv rog/ wkh Jdppd pl{wxuh shuirupv lqghhg ehwwhu dffruglqj
wr wkh Vfkzduw} Lqirupdwlrq Fulwhulrq wkdq wkh qrq0sdudphwulf pl{wxuh
prgho1
Iru wkh sulph djhg jurxs/ zh vljqlfdqwo| lpsuryh wkh w ri rxu vwd0
wlvwlfdo prgho lq ghsduwlqj iurp wkh csxuh* sursruwlrqdolw| dvvxpswlrq1
Zh vkrz wkdw wkh yduldqfh ri wkh pl{lqj glvwulexwlrq fdq eh xqghuhv0
wlpdwhg lq d prgho ljqrulqj wkh qrq0sursruwlrqdolw| ri wkh kd}dug lq
gxudwlrq dqg fdohqgdu wlph dw wkh rxw rz/ l1h1 wkh udqnlqj k|srwkhvlv1
Krzhyhu/ zh duh dzduh wkdw wkh wlph0gxudwlrq lqwhudfwlrq lpsolhg e|
udqnlqj lv vshflhg lq dq lpshuihfw zd|1 Iru lghqwlfdwlrq sxusrvhv/
zh fdqqrw doorz iru qrq0sursruwlrqdolw| zlwklq wkh wzr vxe0shulrgv/ exw
rqo| ehwzhhq wzr vxe0shulrgv1 Pruhryhu wkh wlphvsdq fryhuhg e| rxu
gdwd lv wrr vkruw iru frqgxfwlqj d surshu vhqvlwlylw| dqdo|vlv e| frq0
vlghulqj glhuhqw vxe0shulrgv1 Ixuwkhu uhvhdufk lv wkhuhiruh fdoohg iru1
Erwk d orqjhu revhuydwlrq shulrg dqg dgglwlrqdo frqwlqxrxv uhjuhvvruv
frxog khos ehwwhu lghqwli|lqj wkh lqwhudfwlrq jhqhudwhg e| udqnlqj1 Krz0
hyhu/ rqh vkrxog dovr eh dzduh wkdw dvvxplqj sursruwlrqdolw| lq rwkhu
frqwlqxrxv uhjuhvvruv frxog eh dv lpshuihfw dv dvvxplqj wkh devhqfh ri
wlph0gxudwlrq lqwhudfwlrq zlwklq vxe0shulrgv193 Fkdswhu 5
51: Dsshqgl{
51:14 Dsshqgl{ 4= Hpslulfdo dxwrfruuhodwlrq frh!flhqw
Lq wklv dsshqgl{/ zh ghulyh wkh hpslulfdo fruuhodwlrq frh!flhqwv eh0
wzhhq %&, dqg/ uhvshfwlyho|/ %&3￿,n￿ dqg %&3￿,1
Ohw xv ghqh wkh wrwdo huuruv  &, dv wkh vxp ri wkh dssur{lpdwlrq huuruv
dqg wkh vshflfdwlrq +ru phdvxuhphqw, huuruv=
 &, @ $&, . %&, +d4,
dqg pdnh wkh iroorzlqj dvvxpswlrqv rq wkh fryduldqfh vwuxfwxuh ri wkhvh
huuruv=
H +$&,$&3r,nr,@H +$&,$&3r,,@H +$&,%&,,
@ H +$&3r,nr%&,,@H +$&3r,%&,,@3 ;v 9@3+e4,
Iluvw/ frqvlghu wkdw lq +d4,/ %&, iroorzv dq DU+4, surfhvv ryhu n dqg iru
o .n {hg=
%&, @ ,n&%&3￿,n￿ . &,/ zkhuh
 ,n&
  ? 4 +f4,
zkhuh lw lv dvvxphg wkdw=
H +%&3￿,n￿&,,@3 +g4,
Xsrq vxevwlwxwlrq ri +f4, lq +d4, dqg h{suhvvlqj %&3￿,n￿ dv d ixqfwlrq
ri  &, dqg $&,/ zh rewdlq=
 &, @ ,n& &3￿,n￿ . &, . $&, ,n&$&3￿,n￿ +h4,
Pxowlso|lqj erwk vlghv e|  &3￿,n￿ dqg wdnlqj wkh h{shfwdwlrq jlyh=














E| xvlqj wkh dvvxpswlrqv vwdwhg lq +e4, dqg lq +g4,/ zh wkhq qg wkdw
wkh fryduldqfh ri  &, lq wkh glphqvlrq o . n dqg iru ydu|lqj n lv jlyhq
e|=
H + &, &3￿,n￿,@,n&v2
0 +j4,












zkhuh a  &, lv wkh ROV uhvlgxdo ri wkh uhjuhvvlrq +5154, dqg a v2
0 lv wkh
hvwlpdwh ri v2
0 jlyhq lq +5158,1 Lq idfw/ a ,n& lv d jhqhudolvdwlrq ri wkh
hpslulfdo dxwrfruuhodwlrq frh!flhqw irxqg lq wkh olwhudwxuh wr wkh fdvh
ri wzr huuruv whupv/ rqh ri wkhp iroorzlqj dq DU+4, surfhvv1 Wkh OP0






k "2 +4, +l4,
zkhuh wkh qxoo k|srwkhvlv lv Kf = ,n& @3djdlqvw K￿ = ,n& 9@3dqg 
lv wkh vljqlfdqfh ohyho ri wkh whvw1
Li lq +d4,/ %&, iroorzv dq DU+4, surfhvv ryhu n dqg lq wkh glphqvlrq o=
%&, @ ,%&3￿, . &,/ zkhuh m,m ? 4 +m4,
zkhuh lw lv dvvxphg wkdw=
H +%&3￿,&,,@3 +n4,












dqg dsso| wkh vdph OP0whvw vwdwlvwlf wkdq lq +l4,195 Fkdswhu 5
51:15 Dsshqgl{ 5= Wzr0vwhs hvwlpdwlrq surfhgxuh
Lq wklv dsshqgl{/ zh jlyh wkh hvwlpdwlrq surfhgxuh ri wkh pl{wxuh prgho
+5154, zkhuh wkh glvwxuedqfhv/ h&,/i r o o r zd qD U +4, surfhvv ryhu n dqg
lq wkh glphqvlrq o . n1
Zkhq %&, iroorzv dq DU+4, surfhvv dfurvv n dqg iru o . n {hg vxfk
wkdw=
%&, @ %&3￿,n￿ . &, +d5,
wkh pl{wxuh prgho lq +5154, ehfrphv d qrq0olqhdu uhjuhvvlrq prgho zlwk
khwhurvnhgdvwlf dqg fruuhodwhg glvwxuedqfhv1 Dvvxplqj wkdw H +$&,%&,,@
3/ wkh yduldqfh0fryduldqfh pdwul{ ri wkh Q wrwdo glvwxuedqfhv/  &,/l vw k h q
eorfn0gldjrqdo1 Wkh eorfn0pdwul{/ lghpsrwhqw dqg ri glphqvlrq o . n
+iru vlpsolflw|/ zh ghqrwh o . n e| f,/ wdnhv wkh iroorzlqj irup=
5
































Wkh hvwlpdwlrq surfhgxuh frqvlvwv wkhq lq wzr0vwhsv1 Wkh uvw vwhs
frqvlvwv lq xvlqj ROV wr hvwlpdwh wkh uhvlgxdov a  &,1 Wkhvh doorz xv
wr frqvwuxfw d frqvlvwhqw hvwlpdwh ri wkh vshflfdwlrq huuruv/ a v2
0/ +vhh
+5158,, dqg wr fdofxodwh wkh hpslulfdo fruuhodwlrq frh!flhqw  +vhh +k4,
lq Dsshqgl{ 4,1 Lq d vhfrqg vwhs/ zh hvwlpdwh wkh yduldqfh0fryduldqfh
pdwul{ lq +e5, dqg hvwlpdwh wkh sdudphwhuv ri wkh pl{wxuh prgho +5154,
e| JOV1Fkdswhu 5 96
51:16 Dsshqgl{ 6= Ednhu dqg Pholqr surfhgxuh
Lq wklv dsshqgl{/ zh jlyh wkh hvwlpdwlrq surfhgxuh ri wkh pl{wxuh prgho
+515:, zkhuh wkh khwhurjhqhlw| glvwulexwlrq lv vshflhg dv glvfuhwh zlwk
xqnqrzq vxssruw dqg dq xqnqrzq qxpehu ri pdvv srlqwv1 Zh iroorz wkh
hvwlpdwlrq phwkrg sursrvhg e| Khfnpdq dqg Vlqjhu +4<;7, dv dgmxvwhg
e| Ednhu dqg Pholqr +5333,1 Wr pdnh wkhlu surfhgxuh dssolfdeoh/ zh
qhhg wr prgli| wkh remhfwlyh ixqfwlrq/ l1h1 zh plqlplvh wkh zhljkwhg
vxp ri vtxduhg uhvlgxdov +ZVVU, udwkhu wkdq pd{lplvh d orjolnholkrrg
ixqfwlrq1
Wkh dssurdfk wr lghqwli| wkh rswlpdo qxpehu ri pdvv srlqwv surfhhgv dv
iroorzv +vhh Ednhu dqg Pholqr 5333/ ss16930694,1 Vxssrvh wkdw zh kdyh
wkh Zhljkwhg Ohdvw Vtxduh +ZOV, hvwlpdwru
q
a >a yr> a r>v @4 >5>===>V
r
/
zkhuh  duh wkh rwkhu sdudphwhuv/ frqglwlrqdo rq kdylqj V srlqwv ri
vxssruw1 Wkh dssurdfk frqvlvwv lq fkhfnlqj zkhwkhu wkh ZVVU fdq eh
ghfuhdvhg e| dgglqj dq dgglwlrqdo srlqw ri vxssruw wr wkh V h{lvwlqj
rqhv1 Ohw y7n￿ @ y eh d fdqglgdwh iru vxfk dq dgglwlrqdo pdvv srlqw1
Irupdoo|/ wkh sureohp lv wr plqlplvh wkh ZVVU ryhu +￿>2>===>7n￿,/
jlyhq
q
a >a yr>v @4 >5>===>V
r
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iru zklfk wkh Nxkq0Wxfnhu uvw0rughu frqglwlrqv +IRFv, duh=97 Fkdswhu 5
gZVVU
gr










































































































Wkh lghd wkhq frqvlvwv lq hydoxdwlqj wkh Nxkq0Wxfnhu pxowlsolhu ri wkh
fdqglgdwh dgglwlrqdo pdvv srlqw/ 7n￿/d w7n￿ @3dqg iru d julg ri
ydoxhv ri  y 5 ^yu>y M`/ jlyhq wkh sdudphwhu hvwlpdwhv ri wkh pl{wxuh
prgho zlwk V srlqwv ri vxssruw/ l1h1 jlyhq
q
a >a yr> a r>v @4 >5>===>V
r
1L i
7n￿  3/ wkh odvw frqvwudlqw ri +g6, lv elqglqj/ vr dgglqj d srlqw ri vxs0
sruw dw  y fdqqrw ghfuhdvh wkh ZVVU1 Li wklv lv wuxh iru doo  y 5 ^yu>y M`/
wkhq
q
a >a yr> a r>v @4 >5>===>V
r
lv wkh qrq0sdudphwulf ZOV hvwlpdwru1 Li
lqvwhdg 7n￿ ? 3 iru vrph  y/ wkhq lw lv srvvleoh wr ghfuhdvh wkh ZVVU
e| dgglqj d srlqw ri vxssruw dw  y1 Wklv dgglwlrqdo pdvv srlqw zloo krz0
hyhu qrw eh uhwdlqhg li wkh Vfkzduw} lqirupdwlrq fulwhulrq ri wkh pl{wxuh
prgho zlwk V .4pdvv srlqwv +vhh +5159, lq Vhfwlrq 51714, lv deryh wkh
rqh zlwk V pdvv srlqwv +vhh Ednhu dqg Pholqr 5333/ s16:9,1
Li zh pxowlso| +d6, e| r/ vxp ryhu v/ dqg xvh +e6,/ +f6, dqg +g6,/
zh rewdlq  .  @3 1 Wkh Nxkq0Wxfnhu pxowlsolhu/ r/ lv wkhuhiruh wkh
+qhjdwlyh ri wkh, ghulydwlyh ri wkh ZVVU zlwk uhvshfw wr r=
r @ D +h6,Fkdswhu 5 98
Dsso|lqj wklv dssurdfk lq d v|vwhpdwlf zd| iurp wkh rxwvhw/ wkh hvwl0
pdwlrq ri wkh qrq0sdudphwulf pl{wxuh prgho +515:, fdq eh vxppdulvhg
dv iroorzv +vhh Ednhu dqg Pholqr 5333/ ss16940695,=
Vwhs 3=V h wV @4dqg ￿ @4 1 Fkrrvh lqlwldo ydoxh iru  dqg y￿1
Vwhs 4= Jlyhq wkh fxuuhqw ydoxh ri V/
plqlplvh wkh Vfkzduw} Lqirupdwlrq Fulwhulrq +VLF,/
l1h1 plqlplvh wkh ZVVU/r y h u dqg +yr>r>v @4 >5>===>V,1
d1 Li VLF7 AVLF73￿/w k h qVWRS1
e1 Hovh/ Vwhs 51
Vwhs 5= Hydoxdwh 7n￿ iru d julg ydoxh ri  y 5 ^yu>y M` vxfk wkdw S&, lv
uhvwulfwhg wr wkh vhw ^%>4 %` zkhuh % lv vhw wr 433D1
d1L i7n￿  3 ;  y 5 ^yu>y M`/w k h qVWRS1
e1 Hovh/ vhw y7n￿ wr wkh ydoxh ri  y wkdw |lhog wkh vpdoohvw ydoxh iru
7n￿1
Vwhs 6= Jlyhq wkh fxuuhqw ydoxh ri / +yr>v @4 >5>===>V, dqg y7n￿/
lqfuhdvh wkh ydoxh ri V e| 4 dqg plqlplvh wkh ZVVU wr rewdlq qhz
lqlwldo ydoxhv iru +r>v @4 >5>===>V,1 Uhwxuq wr Vwhs 4199 Fkdswhu 5
51:17 Dsshqgl{ 7= Hvwlpdwlrq uhvxowv
Wdeoh 514= Kd}dug prgho hvwlpdwhv 0 Phq djhg 5<077
Variables
TEST 
Ranking    








c -0.85 0.02 -0.59 0.08 -0.71 0.06
1. Duration (in quarters)
2    (g2-c) -0.32 0.02 -0.07 0.03 -0.15 0.03
3    (g3-c) -0.53 0.03 -0.05 0.03 -0.16 0.05
4    (g4-c) -0.71 0.04 -0.04 0.04 -0.15 0.07
5    (g5-c) -0.84 0.04 -0.02 0.05 -0.11 0.08
6    (g6-c) -1.05 0.05 -0.07 0.06 -0.16 0.10
7    (g7-c) -1.24 0.06 -0.16 0.07 -0.26 0.11
8    (g8-c) -1.40 0.07 -0.21 0.08 -0.34 0.12
9    (g9-c) -1.43 0.08 -0.15 0.08 -0.32 0.12
10  (g10-c) -1.63 0.10 -0.27 0.10 -0.49 0.14
11  (g11-c) -1.63 0.11 -0.18 0.10 -0.46 0.14
12  (g12-c)
* -1.91 0.09 -0.31 0.11 -0.70 0.15
2. Calendar time at outflow
Cycle
bc1 -0.21 0.02 -0.22 0.05 -0.22 0.05
bc2 0.08 0.02 0.06 0.02 0.06 0.02
bc3 0.01 0.01 0.03 0.02 0.02 0.02
bc4 0.03 0.01 0.04 0.02 0.04 0.02
bc5 0.04 0.01 0.05 0.02 0.04 0.02
Seasons
Winter (bs2-c) -0.35 0.03 -0.31 0.03 -0.30 0.03
Spring (bs3-c) 0.00 0.02 0.01 0.03 0.02 0.03




f 1.99 0.81 0.87 0.35





4’. Points of support
p 0.55 0.05
v 1 1.60 0.09
 v 2=(1-pv 1)/(1-p) 0.26 0.05
 var[v]=p(v 1-1)
2/(1-p) 0.44 0.05
- ￿H @ === @ ￿2
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 5 9:
Wdeoh 514= +Frqwlqxhg,
5. Calendar time at inflow
Cycle
hc1 -0.18 0.18 -0.11 0.15
Seasons
Autumn  (hs2-hs1)
** -0.09 0.03 -0.07 0.03
Winter  (hs3-hs1)
** -0.04 0.03 -0.03 0.03
Spring  (hs4-hs1)
** -0.09 0.03 -0.07 0.03
6. Empirical correlation coefficients of ekl
rl+k 0.65 0.70
rl 0.03 0.01
7. Standard deviation of ekl
se 0.009 0.009
Number of observations 171 171 171
Number of estimated parameters 22 26 27
Weighted sum of squared residuals 477.75 170.44 171.20
P-value of the goodness-of-fit test 0 0.073 0.06
Jeffrey-Bayes posterior-probability statistics 304.12 310.02
-- r￿ @3lq wkh wklug froxpq19; Fkdswhu 5
Wdeoh 515= Kd}dug prgho hvwlpdwhv 0 Phq djhg ?@5;
Variables
TEST 
Ranking    













Baseline      
R1 SD
c -0.64 0.02 -0.45 0.07 -0.49 0.06 -0.71 0.05
1. Duration (in quarters)
2    (g2-c) -0.26 0.02 0.00 0.04
3    (g3-c) -0.43 0.03 0.05 0.08
4    (g4-c) -0.63 0.03 0.04 0.12
5    (g5-c) -0.74 0.04 0.10 0.15
6    (g6-c) -0.86 0.05 0.14 0.18
7    (g7-c) -1.03 0.06 0.11 0.20
8    (g8-c) -1.19 0.07 0.09 0.22
9    (g9-c) -1.33 0.08 0.06 0.24
10  (g10-c) -1.43 0.10 0.08 0.26
11  (g11-c) -1.46 0.11 0.14 0.28
12  (g12-c)
* -1.68 0.09 0.12 0.31
2. Calendar time at outflow
Cycle
bc1 -0.29 0.02 -0.34 0.04 -0.34 0.03 -0.40 0.03
bc2 0.06 0.01 0.03 0.02 0.03 0.02 0.04 0.02
bc3 0.01 0.01 0.03 0.02 0.03 0.02 0.02 0.02
bc4 0.04 0.01 0.04 0.02 0.04 0.02 0.05 0.02
bc5 0.07 0.01 0.07 0.02 0.06 0.02 0.05 0.02
Seasons
Winter (bs2-c) -0.36 0.03 -0.33 0.04 -0.32 0.04 -0.31 0.04
Spring (bs3-c) 0.00 0.02 0.01 0.03 0.02 0.03 0.02 0.03





4. Variance of the Gamma at l=0
hs1 -0.45 0.20 -0.59 0.04
s
2
0=exp(hs1) 0.64 0.128 0.55 0.022






- ￿H @ === @ ￿2
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 5 9<
Wdeoh 515= +Frqwlqxhg,
5. Calendar time at inflow
Cycle
hc1 -0.01 0.19 0.03 0.18 0.47 0.17
Seasons
Autumn  (hs2-hs1)
** -0.08 0.03 -0.08 0.03 -0.06 0.03
Winter  (hs3-hs1)
** -0.08 0.03 -0.08 0.03 -0.08 0.03
Spring  (hs4-hs1)
** -0.14 0.03 -0.13 0.03 -0.11 0.03
6. Empirical correlation coefficients of ekl
rl+k 0.75 0.74 0.59
rl 0.04 0.05 0.14
7. Standard deviation of ekl
se 0.012 0.013 0.016
Number of observations 171 171 171 171
Number of estimated parameters 22 26 14 15
Weighted sum of squared residuals 677.55 174.18 174.27 158.72
P-value of the goodness-of-fit test 00 . 0 30 . 1 6 0 . 4 2
Jeffrey-Bayes posterior-probability statistics 307.82 246.25 235.84
-- r￿ @3lq wkh irxuwk froxpq1:3:4
Fkdswhu 6






Wkh xqhpsor|phqw udwh4 lqfuhdvhg vwhdglo| lq Ehojlxp diwhu wkh uvw
dqg wkh vhfrqg rlo sulfh vkrfnv= Iurp 6( lq 4<:6 wr 4<( lq 4<;61
Wklv hyroxwlrq lv looxvwudwhg lq Iljxuh 6141 Zlwk wkh hfrqrplf uhfry0
hu| ri wkh plg hljkwlhv/ wkh xqhpsor|phqw udwh ghfuhdvhg wr d ohyho ri
45(/ zklfk vwloo olhg idu deryh wkh ohyho uhdfkhg lq 4<:61 Iurp 4<<3/
wkh hfrqrplf grzqwxuq sxvkhg wkh xqhpsor|phqw udwh xs djdlq1 Wklv
hyroxwlrq pdvnv dq lpsruwdqw glvsdulw| ehwzhhq wkh wzr pdlq uhjlrqv
ri Ehojlxp= Iodqghuv dqg Zdoorqld1 Xs wr 4<;6/ wkh wzr uhjlrqv kdg
urxjko| wkh vdph shuirupdqfh lq whupv ri xqhpsor|phqw/ zruvh wkdq lq
rxu erughulqj frxqwulhv +Jhupdq|/ Iudqfh dqg wkh Qhwkhuodqgv,1 Iurp
￿Wkh xqhpsor|phqw udwh lv wkh udwlr ehwzhhq wkh ixoo0wlph uhjlvwhuhg xqhpsor|hg
shrsoh/ hqwlwohg wr xqhpsor|phqw ehqhwv dqg dfwlyho| orrnlqj iru d mre/ dqg wkh
srsxodwlrq lqvxuhg djdlqvw xqhpsor|phqw1:5 Fkdswhu 6
4<;6/ d glyhujlqj hyroxwlrq vhhpv wr vkrz xs= Wkh xqhpsor|phqw udwh
ghfuhdvhg pdunhgo| lq Iodqghuv/ zkloh xqhpsor|phqw uhpdlqhg dw d kljk
ohyho lq Zdoorqld1 Lq 5333/ wkh xqhpsor|phqw udwh zdv 53( lq Zdoorqld
dqg 9( lq Iodqghuv1 Dffruglqj wr Elqrq hw do1 +4<<;,/ wkh glyhujlqj
hyroxwlrq lq wkh xqhpsor|phqw udwh dfurvv Ehojldq uhjlrqv fdqqrw eh
dwwulexwhg wr d glhuhqw jurzwk lq wkh dfwlyh srsxodwlrq1 Wkh vrxufhv ri




































































Iljxuh 614= Xqhpsor|phqw udwh lq Ehojlxp/ Iodqghuv dqg Zdoorqld
Lq wklv vwxg|/ zh lqyhvwljdwh zkhwkhu wkh glyhujlqj hyroxwlrq lq wkh
xqhpsor|phqw vwrfn lq Iodqghuv dqg Zdoorqld fdq eh h{sodlqhg e| gli0
ihuhqw hyroxwlrqv lq wkhlu dyhudjh xqhpsor|phqw gxudwlrq dqg2ru wkhlu
xqhpsor|phqw lqflghqfh1 Wr wkdw sxusrvh/ zh surfhhg lq wzr vwdjhv
+vhh Iljxuh 615,1 Lq wkh uvw vwdjh/ wkh dyhudjh xqhpsor|phqw gxudwlrq
lv prghoohg wkurxjk wkh vshflfdwlrq ri wkh kd}dug udwh1 Zh hvwlpdwh
d Pl{hg Sursruwlrqdo Kd}dug +PSK, prgho e| uhjlrq/ dqg ghfrpsrvh
yduldwlrqv lq wkh djjuhjdwh rxw rz udwh ryhu fdohqgdu wlph ehwzhhq d
jhqhudo hhfw/ l1h1 fkdqjhv lq wkh h{lw udwh ri doo fxuuhqwo| xqhpsor|hg/
dqg d frpsrvlwlrq hhfw/ l1h1  xfwxdwlrqv lq wkh dyhudjh txdolw| ri hq0
wudqwv lqwr xqhpsor|phqw ohdylqj wkh lqglylgxdo h{lw udwhv frqvwdqw1
Wkh odwwhu hhfw lv pdgh ri yduldwlrqv lq wkh revhuyhg dqg xqrevhuyhg
fkdudfwhulvwlfv ri wkrvh  rzlqj lqwr xqhpsor|phqw1 Zh dovr vshfli| dFkdswhu 6 :6
qrq0sursruwlrqdo prgho wr fkhfn zkhwkhu wkh jhqhudo hhfw lv wkh vdph
iru xqhpsor|hg zrunhuv zlwk glhuhqw vfkrrolqj ohyhov dqg vxe0uhjlrq
ri olylqj/ lq hdfk uhjlrq1 Lq wkh vhfrqg vwdjh/ zh ghfrpsrvh yduldwlrqv
ri wkh xqhpsor|phqw vwrfn lq Iodqghuv dqg Zdoorqld lqwr dq lqflghqfh
hhfw dqg wkh gxudwlrq hhfw hvwlpdwhg lq wkh uvw vwdjh1
Stage 2





NB: Dt: Variations over calendar time (trend, business cycle and seasons).
Dt  Average duration
Dt  Aggregate exit rate
Dt Composition effect:
Dt average quality of entrants
Unobserved
Dt General effect:
Dt exit rate of all individuals
currently unemployed
Iljxuh 615= Ixoo ghfrpsrvlwlrq ri wkh xqhpsor|phqw vwrfn
Zh edvh rxu dqdo|vlv rq djjuhjdwh dgplqlvwudwlyh gdwd1 Zh kdyh Eho0
jldq fhqvxv gdwd uhodwlyh wr doo xqhpsor|hg pdoh zrunhuv djhg 58077 dqg
 rzlqj lqwr xqhpsor|phqw lq wkh prqwk ri Mxqh/ hdfk |hdu iurp 4<:5
wr 4<<51 Wkhvh gdwd dovr frqwdlq d qxpehu ri shuvrqdo fkdudfwhulvwlfv
ri wkh xqhpsor|hg shrsoh1 Lw lv krzhyhu lpsrvvleoh wr wudfn hdfk lqgl0
ylgxdo vshoo wkurxjk glhuhqw |hduv1 Zh wkhuhiruh jurxs wkh gdwd lqwr
krprjhqhrxv frkruwv zlwk uhvshfw wr wkh |hdu ri lq rz dqg d vhw ri uho0
hydqw fkdudfwhulvwlfv1 Wkh odwwhu lqfoxgh wkh djh +phdvxuhg lq prqwkv,/
wkh hgxfdwlrq ohyho/ wkh surylqfh ri olylqj dqg wkh vhfwru rffxslhg ehiruh
ehfrplqj xqhpsor|hg1 Iru hdfk frkruw/ wkh rxw rzv rxw ri xqhpsor|0
phqw duh frxqwhg rq d |hduo| edvlv/ iurp wkh wlph ri lq rz xqwlo wkh hqg
ri Mxqh 4<<6/ gdwh dw zklfk vshoov duh uljkw fhqvruhg1 Hdfk revhuydwlrq
lq rxu gdwd vhw wkhuhiruh fruuhvsrqgv wr d qrq0sdudphwulf hvwlpdwlrq ri:7 Fkdswhu 6
wkh dqqxdo rxw rz suredelolw| iru d jlyhq frkruw dw d jlyhq gxudwlrq
+dqg e| frqvwuxfwlrq/ fdohqgdu wlph,1
Lq wklv vwxg|/ zh sursrvh d irupdo ghfrpsrvlwlrq ri wkh yduldwlrqv lq
wkh djjuhjdwh kd}dug ryhu wlph/ doorzlqj iru revhuyhg dqg xqrevhuyhg
fkdqjhv lq wkh txdolw| ri wkh lq rz1 Lq rxu PSK prgho/ wkh jhqhudo
hhfw lv wkh hvwlpdwhg fdohqgdu wlph ghshqghqfh ri wkh kd}dug udwh frq0
wuroolqj iru frpsrvlwlrq hhfwv1 Zlwk rxu plfur gdwd fryhulqj d orqj
wlphvsdq +4<:504<<6,/ zh fdswxuh sduw ri wkh  xfwxdwlrq lq wkh frpsrvl0
wlrq ri wkh lq rz e| frqglwlrqlqj wkh kd}dug rq revhuyhg fkdudfwhulvwlfv1
Wkh uhpdlqlqj yduldwlrq/ wkh xqrevhuyhg frpsrvlwlrq hhfw/ lv dffrxqwhg
iru e| pdnlqj wkh phdq +dqg wkh yduldqfh, ri wkh khwhurjhqhlw| glvwul0
exwlrq ghshqghqw rq d exvlqhvv f|foh lqglfdwru dw hqwu|1 Wkh jhqhudo
hhfw lv sdudphwulvhg zlwk d  h{leoh sro|qrpldo ixqfwlrq wudfnlqj f|fol0
fdo dqg vwuxfwxudo fkdqjhv1 Zh phdvxuh wkh revhuyhg frpsrvlwlrq hhfw
e| xvlqj wkh lq rz glvwulexwlrq ri wkh revhuyhg fkdudfwhulvwlfv lq rxu
gdwd vhw dqg wkhlu hvwlpdwhg hhfw rq wkh kd}dug udwh1 Wkh khwhurjhqh0
lw| glvwulexwlrq lv dvvxphg wr eh Jdppd1 Wkh hvwlpdwhg fdohqgdu wlph
ghshqghqfh ri lwv phdq lv dq lqglfdwru ri wkh xqrevhuyhg frpsrvlwlrq
hhfw1
Rxu dqdo|vlv euhdnv qhz jurxqg lq wkh hpslulfdo olwhudwxuh1 Jlyhq wkh
uhfhqw lqwhuhvw ri Hxurshdq uhvhdufkhuv lq wklv txhvwlrq/ wkhuh duh ihz
vwxglhv rq wkh ghfrpsrvlwlrq ri wkh fdohqgdu wlph yduldwlrqv lq xqhp0
sor|phqw gxudwlrq iru Hxurshdq frxqwulhv +vhh/ iru Iudqfh/ Deeulqj hw
do1 5334d/ Ydq ghq Ehuj dqg Ydq ghu Noddxz 5334> iru wkh Xqlwhg
Nlqjgrp/ Ndozlm 5334> iru Ghqpdun/ Urvkrop 5334 dqg iru Ehojlxp/
Fkdswhu 5 ri wklv wkhvlv,1 Wklv txhvwlrq kdv ehhq lqyhvwljdwhg rq XV
gdwd vlqfh wkh plg 4<;3v douhdg| +vhh/ h1j1/ Gdue| hw do1 4<;8> G|qduvnl
dqg Vkhulq 4<<3> Ednhu 4<<5> Lpehqv dqg O|qfk 4<<6> Deeulqj hw do1
5334e,1 Vwxglhv edvhg rq Hxurshdq gdwd frqfoxgh wkdw frpsrvlwlrqdo hi0
ihfwv duh/ li dq|wklqj/ ri olwwoh lpsruwdqfh/ zlwk wkh h{fhswlrq ri Ndozlm
+5334,1 Dprqj vwxglhv h{sorlwlqj XV gdwd/ uhvxowv duh udwkhu pl{hg1
Rqo| Gdue| hw do1 +4<;8, frqfoxgh wkdw wkh f|folfdolw| lq dyhudjh xqhp0
sor|phqw gxudwlrq lv suhgrplqdqwo| h{sodlqhg e| frpsrvlwlrqdo hhfwv1
Xvlqj wkh vdph gdwd/ exw fryhulqj d pruh uhfhqw shulrg/ Deeulqj hw
do1 +4<<<, kljkoljkw wkdw f|folfdo yduldelolw| lq wkh txdolw| ri hqwudqwv
dffrxqwv iru d vljqlfdqw vkduh ri wkh  xfwxdwlrqv lq wkh XV xqhpsor|0Fkdswhu 6 :8
phqw gxudwlrq1 Rq wkh rwkhu vlgh/ Lpehqv dqg O|qfk +4<<6, frqfoxgh
wkdw wkh yduldwlrq lq wkh xqhpsor|phqw gxudwlrq ri |rxqj zrunhuv lv
jhqhudo dqg fdqqrw eh h{sodlqhg e| frpsrvlwlrqdo hhfwv1 Ehorz/ zh
frqwudvw rxu dssurdfk zlwk wkh h{lvwlqj hpslulfdo vwxglhv e| irfxvlqj rq
wkrvh zklfk ghfrpsrvh yduldwlrqv lq wkh rxw rz suredelolw| lq d irupdo
zd|1
Wkh uvw frqwulexwlrq ri rxu vwxg| uhvxowv iurp wkh ulfkqhvv ri wkh gdwd1
Wkh xvh ri djjuhjdwh gdwd fryhulqj 54 |hduv dqg vwudwlhg e| d vhw ri
uhohydqw fkdudfwhulvwlfv doorzv xv wr frqwuro iru fkdqjhv lq wkh lq rz
frpsrvlwlrq zlwkrxw uho|lqj +frpsohwho|, rq ixqfwlrqdo irup dvvxps0
wlrqv1 Prvw ri wkh hpslulfdo vwxglhv h{sorlw djjuhjdwh wlph0vhulhv gdwd
zlwk d olplwhg qxpehu ri fkdudfwhulvwlfv rq wkh xqhpsor|hg shrsoh vxfk
dv vh{/ udfh dqg djh jurxs +vhh/ h1j1/ Deeulqj hw do1 5334d/e> Ndozlm
5334> Fkdswhu 5 ri wklv wkhvlv,1 Yduldwlrqv lq wkh frpsrvlwlrq ri lq rz
duh wkhq dffrxqwhg iru e| vshfli|lqj d PSK prgho zkhuh wkh khwhur0
jhqhlw| glvwulexwlrq ghshqgv rq fdohqgdu wlph dw hqwu|1 Hyhq li erwk wkh
glvwulexwlrq ri xqrevhuyhg fkdudfwhulvwlfv dqg lwv fdohqgdu wlph ghshq0
ghqfh duh vshflhg qrq0sdudphwulfdoo| +vhh h1j1 Deeulqj hw do1 5334d,/
sdudphwulf uhvwulfwlrqv duh uhtxluhg iru lghqwlfdwlrq sxusrvhv1 Vwxg0
lhv edvhg rq pdfur gdwd duh irufhg wr dvvxph wkh devhqfh ri d wuhqg
lq wkh frpsrvlwlrq ri lq rz1 Dv d frqvhtxhqfh/ wkh vwuxfwxudo sduw ri
wkh jhqhudo hhfw lv qrw qhfhvvdulo| ulg ri yduldwlrqv lq wkh txdolw| ri
hqwudqwv lqwr xqhpsor|phqw1 Rqh h{fhswlrq lv wkh vwxg| ri Ydq ghq
Ehuj dqg Ydq ghu Noddxz +5334, zklfk frpelqhv djjuhjdwh wlph0vhulhv
gdwd zlwk d plfur gdwd vhw fryhulqj d vkruw wlph shulrg1 Wkhlu prwlyd0
wlrq lv wr lghqwli| wkh fkdudfwhulvwlfv zklfk duh uhvsrqvleoh iru fkdqjhv
lq wkh txdolw| ri lq rz ryhu wlph1 Wkh| prgho mrlqwo| wkh glvwulexwlrq ri
wkh revhuyhg fkdudfwhulvwlfv dw hqwu| lqwr xqhpsor|phqw dqg wkh kd}dug
udwh1 Dv lq wkh suhylrxv vwxglhv/ wkh pdfur gdwd duh xvhg wr lghqwli|
wkh zd| wkh lq rz glvwulexwlrq pryhv ryhu wlph1 Exw frqwudu| wr w|s0
lfdo pdfur dqdo|vlv/ wkhuh lv qr qhhg wr lpsrvh uhvwulfwlrqv rq lwv wlph
ghshqghqfh= Wkh xvh ri dqrwkhu gdwd vhw doorzv wr uhod{ wkh lghqwlfd0
wlrq frqglwlrqv51 Krzhyhu/ wkhlu hvwlpdwhg jhqhudo hhfw fdq vwloo uh hfw
2Vlqfh wkh gxudwlrq ghshqghqfh lv lghqwlhg iurp wkh plfur gdwdvhw/ wkh pdfur
gdwd lghqwli| wkh fdohqgdu wlph ghshqghqfh ri erwk wkh kd}dug udwh dqg wkh lq rz
glvwulexwlrq zlwkrxw dq| ixqfwlrqdo irup uhvwulfwlrqv1:9 Fkdswhu 6
fkdqjhv lq wkh xqrevhuyhg txdolw| ri hqwudqwv vlqfh wkh vkdsh ri wkh
pl{lqj glvwulexwlrq lv qrw doorzhg wr ydu| ryhu wlph1
Vrph hpslulfdo vwxglhv dovr xvh orqjlwxglqdo vxuyh| gdwd rq d orqj
wlphvsdq wr ghfrpsrvh fdohqgdu wlph yduldwlrqv lq wkh djjuhjdwh rxw0
 rz suredelolw| +vhh h1j1 Lpehqv dqg O|qfk 4<<6,1 Hyhq li wkh| gr
qrw fryhu doo wkh srsxodwlrq ri xqhpsor|hg zrunhuv/ wkhlu vdpsoh vl}h lv
vx!flhqwo| odujh wr dssur{lpdwh wkh frpsrvlwlrq ri lq rz1 \hw/ qrqh
ri wkhp doorz iru dq xqrevhuyhg frpsrvlwlrq hhfw/ vr wkdw wkhlu hvwl0
pdwhg jhqhudo hhfw fdq vwloo kdyh wzr lqwhusuhwdwlrqv1 Rqh h{fhswlrq
lv Urvkrop +5334, zkr h{sorlwv plfur Gdqlvk gdwd fryhulqj wkh shulrg
4<;404<<41 Frqwudu| wr rxu prgho/ klv xqrevhuyhg frpsrvlwlrqdo hhfw
lv qrw exlow lqwr wkh prgho wkrxjk= Wkh phdq ri wkh pl{lqj glvwulexwlrq
lv qrw h{solflwo| doorzhg wr pryh zlwk fdohqgdu wlph dw wkh wlph ri lq rz1
Lw lv frqvwuxfwhg lq d vrphzkdw dg0krf zd| edvhg rq wkh sdudphwhu hv0
wlpdwhv ri klv prgho1 Wkh fdohqgdu wlph ghshqghqfh ri klv kd}dug udwh
lv wkhuhiruh qrw qhfhvvdulo| iuhh ri yduldwlrqv lq wkh xqrevhuyhg fkdudf0
whulvwlfv ri hqwudqwv1
Wkh xqrevhuyhg frpsrvlwlrq hhfw fdq eh lghqwlhg dw wkh frvw ri vrph
k|srwkhvlv1 Lq wklv vwxg|/ zh fkrrvh wr sdudphwulvh wkh wlph ghshqghqfh
ri wkh glvwulexwlrq ri xqrevhuyhg fkdudfwhulvwlfv e| wkh qxpehu ri hq0
wudqwv lqwr xqhpsor|phqw +dv lq wkh Fkdswhu 5,1 Li wklv lqglfdwru grhv
qrw ydu| rqo| dffruglqj wr dq h{srqhqwldo wuhqg/ lghqwlfdwlrq lv dv0
vxuhg1 Dv frpsduhg wr wkh fkrlfh ri Deeulqj hw do1 +4<<<, ru Ndozlm
+5334, zkr xvh d wudglwlrqdo exvlqhvv f|foh lqglfdwru6/ wkh qxpehu ri
hqwudqwv lv pruh gluhfwo| uhodwhg wr wkh frpsrvlwlrq ri lq rz1 Rxu lqgl0
fdwru lv wkhuhiruh ohvv olnho| wr fdswxuh vrph sduw ri wkh jhqhudo hhfw dv
zhoo1 Zh frxog kdyh vshflhg wkh wlph ghshqghqfh ri wkh pl{lqj glvwul0
exwlrq lq d pruh  h{leoh zd| zlwk wlph gxpplhv irufhg wr eh ruwkrjrqdo
wr d olqhdu wuhqg +vhh Deeulqj hw do1 5334d,1 Li yduldwlrqv lq wkh frpsr0
vlwlrq ri lq rz forvho| iroorz yduldwlrqv lq wkh qxpehu ri hqwudqwv lqwr
xqhpsor|phqw/ rxu vshflfdwlrq wxuqv rxw wr eh d ehwwhu dowhuqdwlyh1
Iru/ lw doorzv wkh xqrevhuyhg frpsrvlwlrq hhfw wr iroorz d wuhqg +l1h1
wkh wuhqg lq lqflghqfh,/ vhsdudwho| iurp wkh wuhqg lq wkh jhqhudo hhfw1
Wkh sodxvlelolw| ri rxu sdudphwulf dvvxpswlrq lv yhulhg e| dqdo|vlqj
￿Deeulqj hw do1 +4<<<, xvh wkh khos0zdqwhg lqgh{ zkloh Ndozlmq +5334, xvhv wkh
ghwuhqghg orjdulwkp ri wkh Jurvv Grphvwlf Surgxfw1Fkdswhu 6 ::
wkh olqn ehwzhhq yduldwlrqv lq wkh revhuyhg frpsrvlwlrq ri hqwudqwv dqg
yduldwlrqv lq lqflghqfh1
Wkh vhfrqg frqwulexwlrq ri rxu vwxg| frphv iurp wkh hvwlpdwlrq ri d
qrq0sursruwlrqdo kd}dug prgho lq zklfk wkh fryduldwh hhfwv pd| ydu|
ryhu wlph1 Wklv prgho doorzv xv wr fkhfn zkhwkhu wkh jhqhudo hhfw ri wkh
fdohqgdu wlph zdv wkh vdph iru xqhpsor|hg zrunhuv zlwk glhuhqw shu0
vrqdo fkdudfwhulvwlfv1 Rqo| Urvkrop +5334, dovr lqwhudfwv wkh fryduldwh
hhfwv zlwk wkh fdohqgdu wlph ghshqghqfh ri wkh kd}dug udwh1 Krzhyhu/
rqo| f|folfdo lqwhudfwlrqv duh doorzhg iru/ uxolqj rxw wkh srvvlelolw| wkdw
vwuxfwxudo hyroxwlrqv fdq dhfw glhuhqwo| wkh ydulrxv jurxsv ri xqhp0
sor|hg zrunhuv1 Vrph dxwkruv +vhh h1j1 Lpehqv dqg O|qfk 4<<6/ Ydq ghq
Ehuj dqg Ydq ghu Noddxz 5334, dujxh wkdw li yduldwlrqv lq xqhpsor|0
phqw gxudwlrq duh pdlqo| gulyhq e| d jhqhudo hhfw/ wdujhwhg srolflhv
duh xqolnho| wr eh xvhixo1 Rxu qglqjv vxjjhvw wkdw hyhq li frpsrvlwlrq
hhfwv duh xqlpsruwdqw/ wkhuh lv d vfrsh iru oderxu pdunhw srolflhv dlphg
dw vshflf jurxsv ri xqhpsor|hg zrunhuv dv wkh ohdvw hgxfdwhg zrunhuv=
Iru lqvwdqfh/ wkh rxw rz udwh ri ohvv hgxfdwhg xqhpsor|hg zrunhuv lq
Zdoorqld ghwhulrudwhg e| 68( pruh wkdq wkh h{lw udwh ri wkh kljkhvw
hgxfdwhg zrunhuv rq wkh zkroh shulrg1
Wkh sodq ri wkh fkdswhu lv dv iroorzv1 Wkh qh{w vhfwlrq ghvfulehv wkh
gdwd dqg jlyhv vrph ghvfulswlyh vwdwlvwlfv rq gxudwlrq dqg lqflghqfh1 Wkh
wklug vhfwlrq lv ghyrwhg wr wkh ghulydwlrq ri wkh PSK prgho/ surylghv
wkh irupdo ghfrpsrvlwlrq ri wkh djjuhjdwh kd}dug ryhu fdohqgdu wlph
dqg glvfxvvhv wkh hvwlpdwlrq uhvxowv1 Lq wkh irxuwk vhfwlrq/ zh h{whqg
rxu PSK prgho e| doorzlqj iru qrq0sursruwlrqdo fdohqgdu wlph hhfwv1
Wkh iwk vhfwlrq frqwdlqv wkh ghfrpsrvlwlrq ri wkh xqhpsor|phqw vwrfn
lqwr d gxudwlrq dqg dq lqflghqfh hhfw1 Wkh frqfoxglqj sduw vxppdulvhv
rxu qglqjv1
615 Wkh gdwd
61514 Xqhpsor|phqw lqvxudqfh vfkhph lq Ehojlxp dqg
gdwd froohfwlrq
Hdfk |hdu vlqfh 4<:5/ wkh Ehojldq Hpsor|phqw Djhqf| +RQHp0UYD,
wdnhv d fhqvxv ri doo xqhpsor|hg zrunhuv rq Mxqh 631 Wkhvh gdwd dovr:; Fkdswhu 6
frqwdlq d qxpehu ri lqglylgxdo fkdudfwhulvwlfv ri wkh xqhpsor|hg shrsoh/
vxfk dv vh{/ djh/ vxe0uhjlrq ri olylqj/ hgxfdwlrq ohyho/ vhfwru ri suhylrxv
hpsor|phqw/ dqg wkh vwduwlqj prqwk ri wkhlu xqhpsor|phqw vshoo1 Wkh
xqhpsor|hg zrunhuv duh uhjlvwhuhg lq glhuhqw fdwhjrulhv dffruglqj wr
wkhlu dgplqlvwudwlyh vwdwxv1 Wkh odujhvw jurxs duh ixoo0wlph xqhpsor|hg
shuvrqv dfwlyho| orrnlqj iru d mre dqg hqwlwohg wr xqhpsor|phqw ehqhwv1
Rq dyhudjh/ ;4( ri hqwudqwv ehorqjv wr wklv fdwhjru|1
Lq Ehojlxp/ ehqhwv hqwlwohphqw lv frqglwlrqdo rq d vx!flhqwo| orqj
hpsor|phqw uhfrug71 Wkh shulrg ri hqwlwohphqw wr ehqhwv lv wkhq lq
sulqflsoh lqghqlwh1 Rqh h{fhswlrq wr wklv uxoh frqfhuqv wkh frkdel0
wdqwv/ h1j1 olylqj zlwk d zrunlqj sduwqhu ru zlwk wkhlu sduhqwv1 Wkh|
fdq orrvh hqwlwohphqwv rq jurxqgv ri ch{fhvvlyh* xqhpsor|phqw gxudwlrq
+l1h1 zkhq hodsvhg gxudwlrq ehfrphv odujhu wkdq 418 wlphv wkh uhjlrqdo
dyhudjh gxudwlrq,1 Wkh ohyho ri wkh ehqhw lv edvhg rq wkh ohyho ri
suhylrxv oderxu hduqlqjv dqg wkh krxvhkrog w|sh ri wkh zrunhu/ exw lv
erxqghg e| d fhlolqj dqg d  rru/ ghshqglqj rq wkh krxvhkrog vlwxdwlrq1
Xqhpsor|phqw ehqhwv iru wkrvh zkr duh qrw khdg ri d idplo| gurs diwhu
4 |hdu dqg rqfh pruh diwhu 4; prqwkv li rqh lv frkdelwdqw1 Wkh gdwd
gr qrw lqfoxgh dq| lqirupdwlrq derxw suhylrxv oderxu hduqlqjv ru xq0
hpsor|phqw ehqhwv sdlg wr wkh xqhpsor|hg zrunhu1 Ilqdoo|/ lw vkrxog
eh qrwlfhg wkdw wkh uxohv jryhuqlqj wkh xqhpsor|phqw ehqhw vfkhph
dqg wkh ixqfwlrqlqj ri wkh oderxu pdunhw duh wkh vdph lq doo uhjlrqv ri
Ehojlxp1
Wkh gdwd dw rxu glvsrvdo duh wkh xqhpsor|phqw vwrfn iru wkh |hduv
4<:5 xs wr 4<<61 Wkh| zhuh pdgh dqrq|prxv vxfk wkdw lv lpsrvvleoh
wr wudfn lqglylgxdo vshoov wkurxjk glhuhqw |hduv1 Dv h{sodlqhg ehorz/
wklv uhtxluhv d jurxslqj ri wkh gdwd1
61515 Gdwd vhohfwlrq
Lq rughu wr dyrlg wkh lqlwldo frqglwlrq sureohp/ zh frqvwuxfw dq lq rz
gdwd vhw ri xqhpsor|phqw vshoov1 Zh vhohfw doo hqwudqwv lq wkh prqwk
ri Mxqh/ hdfk |hdu iurp 4<:5 wr 4<<51 Dv wkh |hduo| fhqvxv ri wkh
xqhpsor|hg zrunhuv rffxuv rq Mxqh 63/ wkh qxpehu ri hqwudqwv h{foxghv
eJudgxdwhg vwxghqwv zkr qhyhu zrunhg fdq dovr eh holjleoh diwhu vrph zdlwlqj
shulrg1Fkdswhu 6 :<
wkrvh zkr ohiw xqhpsor|phqw ehiruh wkh hqg ri Mxqh1 Vlqfh zh dlp
wr dqdo|vh wkh wzr pdlq uhjlrqv ri Ehojlxp +Iodqghuv dqg Zdoorqld,
vhsdudwho|/ wzr gdwd vhwv duh fuhdwhg1
Zh rqo| iroorz pdoh zrunhuv djhg ehwzhhq 58 dqg 77 |hduv rog dw wkh eh0
jlq ri wkhlu xqhpsor|phqw vshoo1 Wkh pdlq uhdvrq iru wklv fkrlfh lv wkdw
zh fdqqrw glvwlqjxlvk ehwzhhq xqhpsor|phqw vshoov hqglqj lq hpsor|0
phqw/ sduwlflsdwlrq lq oderxu pdunhw surjudpphv ru zlwkgudzdo iurp
wkh oderxu irufh1 Rxw rzv iurp xqhpsor|phqw duh wkhuhiruh wuhdwhg
joredoo|1 Wklv lv qrw olnho| wr eldv rxu uhvxowv jlyhq wkdw hpsor|phqw lv
wkh prvw iuhtxhqw vwdwh ri h{lw iru wkh pdoh xqhpsor|hg zrunhuv= Derxw
::( ri wkhp ohdyh iru hpsor|phqw/ djdlqvw 7:( iru wkh zrphq +vhh
IRUHP 4<<8,1 Lq rxu vdpsoh/ wklv iudfwlrq pxvw eh odujhu1 Iru/ wkh
uhsruwhg jxuh lqfoxghv xqhpsor|hg zrunhuv roghu wkdq 77 |hduv1 Wkhvh
zrunhuv riwhq hqwhu d nlqg ri hduo|0uhwluhphqw vfkhph/ d srolf| khdylo|
xvhg diwhu wkh plg hljkwlhv lq Ehojlxp iru roghu zrunhuv1
Hpsor|phqw lv dovr wkh prvw iuhtxhqw ghvwlqdwlrq iru wkh |rxqj xq0
hpsor|hg zrunhuv/ djhg ohvv wkdq 58 |hduv rog1 Krzhyhu/ wkh vkduh ri
sulph0djhg phq ehfrplqj hpsor|hg lq wkh rxw rz iurp xqhpsor|phqw
lv odujhu wkdq wkh vkduh ri |rxqj shrsoh/ vlqfh wkh odwwhu sduwlflsdwh
pruh wr hgxfdwlrq dqg wudlqlqj surjudpv1 Ixuwkhupruh/ wkh ohjlvodwlrq
frqfhuqlqj |rxqj shrsoh fkdqjhg vxevwdqwldoo| pruh wkdq iru wkh sulph0
djhg jurxs gxulqj wkh 4<:504<<6 shulrg +fkdqjh lq wkh djh olplw zlwk
uhvshfw wr pdqgdwru| vfkrrolqj/ holjlelolw| wr ehqhwv edvhg rq vfkrrolqj
hwf1,1 Wkhvh fkdqjhv frxog kdyh dhfwhg vljqlfdqwo| erwk wkh frpsr0
vlwlrq dqg wkh qxpehu ri |rxqj hqwudqwv lqwr xqhpsor|phqw1
D vhfrqg uhdvrq wr irfxv rq wkh sulph0djhg pdoh xqhpsor|hg lv wkdw
prvw ri wkhp duh khdg ri krxvhkrog ru olyh dorqh1 Wkh| duh wkhuhiruh ohvv
olnho| wr eh vdqfwlrqhg rq jurxqg ri h{fhvvlyh xqhpsor|phqw gxudwlrq81
Wr uhdfk pruh krprjhqhlw| lq wkh gdwd/ rqo| Ehojldq xqhpsor|hg
shuvrqv duh uhwdlqhg lq rxu dqdo|vlv1 Ilqdoo|/ zh uhvwulfw rxuvhoyhv wr
shrsoh r!fldoo| uhjlvwhuhg dv xqhpsor|hg shuvrqv dqg zkr vdwlvi| wkh
RHFG ghqlwlrq ri xqhpsor|phqw/ l1h1 zlwkrxw hpsor|phqw/ lpph0
gldwho| dydlodeoh iru hpsor|phqw dqg dfwlyho| orrnlqj iru d mre1 Rxu
DLq 4<<5/ ohvv wkdq 58( ri wkh sulph0djhg phq zhuh frkdelwdqwv djdlqvw pruh wkdq
98( iru wkh ihpdoh xqhpsor|hg zrunhuv +vhh RQHp 4<<5,1 Wkhvh duh hvwlpdwhv vlqfh
wkh glvwulexwlrq ri wkh krxvhkrog w|shv e| djh lv qrw dydlodeoh1;3 Fkdswhu 6
vhohfwlrq fryhuv pruh wkdq <7( ri doo hqwudqwv lqwr xqhpsor|phqw1
61516 Jurxslqj ri wkh gdwd dqg lqgxfhg eldvhv
Vlqfh lw lv lpsrvvleoh wr wudfn lqglylgxdo vshoov ri xqhpsor|phqw wkurxjk
wlph/ zh jurxs wkh gdwd lqwr krprjhqhrxv fhoov zlwk uhvshfw wr vrph uho0
hydqw fkdudfwhulvwlfv1 Vr zh frqvwuxfw v|qwkhwlf frkruwv ri xqhpsor|hg
zrunhuv/ d frkruw ehlqj ghqhg e| lwv |hdu ri lq rz o dqg d vhw ri lq0
glylgxdo fkdudfwhulvwlfv {1 Iru hdfk frkruw +o>{,/ wkh rxw rzv rxw ri
xqhpsor|phqw duh frxqwhg rq d |hduo| edvlv/ iurp wkh wlph ri lq rz
xqwlo wkh hqg ri Mxqh 4<<6/ gdwh dw zklfk doo vshoov duh uljkw fhqvruhg1
Zh kdyh wkdw o 5i 3>4>===>53j1 Wkh yduldeoh n ghqrwhv xqhpsor|phqw
gxudwlrq/ phdvxuhg lq |hduo| lqwhuydov iurp wkh prqwk ri lq rz o1E |
frqvwuxfwlrq ri wkh gdwd/ n 5i 4>5>===>54j1
Wkh lqglylgxdo fkdudfwhulvwlfv { duh wkh ohyho ri hgxfdwlrq/ dv d sur{|
iru wkh vnloo ohyho/ wkh vxe0uhjlrq zkhuh wkh xqhpsor|hg shuvrq olyhv9/
wkh vhfwru ri suhylrxv hpsor|phqw dqg wkh djh dw hqwu|1 Hdfk fkdudf0
whulvwlf lv fdwhjrulvhg lqwr fodvvhv1 Zh glvwlqjxlvk irxu ohyhov ri hgxfd0
wlrq= hohphqwdu| vfkrro/ mxqlru kljk vfkrro/ frpsohwhg kljk vfkrro dqg
kljkhu hgxfdwlrq1 Wkh vxeuhjlrq ri olylqj lv ghvfulehg e| wkh surylqfh1
Wkh surylqfhv duh/ iru Iodqghuv= Rrvw0Yoddqghuhq/ Zhvw0Yoddqghuhq/
Dqwzhushq/ Olpexuj/ Yoddpv0Eudedqw dqg/ iru Zdoorqld= Kdlqdxw/ Olëjh/
Ox{hperxuj/ Qdpxu dqg Eudedqw zdoorq1 Lw lv pruh gl!fxow wr jurxs
wkh vhfwruv ri suhylrxv hpsor|phqw lqwr phdqlqjixo fdwhjrulhv1 Zh
jurxs wkhp lqwr 46 eurdg fodvvhv1 Wkhvh 46 fdwhjrulhv duh +4, Djul0
fxowxuh/ +5, Lurq0vwhho lqgxvwu| dqg plqlqj/ +6, Fkhplfdo lqgxvwu|/ +7,
Phwdo pdqxidfwxuh/ +8, Pdqxidfwxuh ri qrq0phwdoolf plqhudo surgxfwv/
jodvv dqg fhudplfv/ +9, Pdqxidfwxuh ri frqvxpswlrq dqg lqyhvwphqw
jrrgv:/ +:, Rwkhu pdqxidfwxulqj lqgxvwulhv/ +;, Hqhuj| dqg zdwhu sur0
gxfwlrq/ +<, Exloglqj/ +43, Sulydwh vhuylfhv olnh zkrohvdoh ghdolqj/ uh0
wdlo glvwulexwlrq/ glvwulexwlrq wudgh/ edqnlqj/ lqvxudqfh/ wudqvsruw/ +44,
Sxeolf vhuylfhv lqfoxglqj hgxfdwlrq/ +45, Rwkhuv dqg +46, Qr suhylrxv
SWkh vxe0uhjlrq ri olylqj lv qrw qhfhvvdulo| wkh vxe0uhjlrq zkhuh wkh xqhpsor|hg
zrunhu zloo qg d mre1
.Lqfoxglqj irrg/ gulqn/ wdedffr/ wh{wloh/ ohdwkhu/ irrwzhdu dqg forwklqj/ zrrghq
ixuqlwxuh/ sdshu dqg uhodwhg lqgxvwulhv/ pdqxidfwxuh ri prwru yhklfxohv dqg uhodwhg
dfwlylwlhv1Fkdswhu 6 ;4
hpsor|phqw1 Djh dw hqwu| lv fdwhjrulvhg lq prqwkv1 Wkh jurxslqj lv
wkxv yhu| qh1 Dv d uhvxow/ <6( ri wkh frkruwv duh pdgh xs ri rqo| rqh
lqglylgxdo dw wkh prphqw ri lq rz lqwr xqhpsor|phqw1
Hdfk revhuydwlrq lq rxu gdwd vhw fruuhvsrqgv wr d qrq0sdudphwulf hvwl0
pdwlrq ri wkh dqqxdo rxw rz suredelolw|/ e S&,%/ iru d jlyhq frkruw +o>{,
dw d jlyhq gxudwlrq n dqg/ e| frqvwuxfwlrq/ fdohqgdu wlph o.n1 Ohw x&,%
eh wkh qxpehu ri lqglylgxdov lq frkruw +o>{, zkr duh vwloo xqhpsor|hg dw
wkh vwduw ri wkh n|￿ gxudwlrq lqwhuydo dqg duh wkhuhiruh dw ulvn ri ohdylqj
xqhpsor|phqw zlwklq wkh +o . n,|￿ txduwhu1 Ohw i&,% eh wkh qxpehu ri
wkhvh lqglylgxdov zkr ohdyh xqhpsor|phqw zlwklq wkh n|￿ gxudwlrq lq0
whuydo1 Zh fdq wkhq hvwlpdwh wkh suredelolw| ri ohdylqj xqhpsor|phqw/






Krzhyhu/ wkh qrq0sdudphwulf phdvxuh ri wkh rxw rz suredelolw| e S&,%
lv vxemhfw wr eldvhv1 Iru/ wkh qrq0revhuydelolw| ri wkh lqglylgxdo vshoov ri
xqhpsor|phqw/ dqg wkh frqvhfxwlyh jurxslqj ri wkh gdwd/ lqgxfhv wzr
vrxufhv ri vsxulrxv rxw rzv= +4, whpsrudu| h{lwv rxw ri xqhpsor|phqw
+ri ohvv wkdq wkuhh prqwkv, dqg +5, fkdqjhv lq wkh ydoxh ri dq lqglylgxdo
fkdudfwhulvwlfv { gxulqj wkh xqhpsor|phqw vshoo1 Ehorz/ zh jlyh vrph
oljkw rq wkhvh sureohpv dqg wkh iroorzlqj fruuhfwlrq ri wkh gdwd1 Lq
Dsshqgl{ 4/ zh glvfxvv lq ghwdlov wkh fruuhfwlrq surfhgxuh dssolhg wr
e S&,%1
Wkh uvw vrxufh ri vsxulrxv rxw rzv lv gxh wr whpsrudu| h{lwv1 Lq
Ehojlxp/ zrunhuv zkr h{lw xqhpsor|phqw iru d shulrg ri ohvv wkdq wkuhh
prqwkv nhhs wkh vdph vwduwlqj gdwh ri wkhlu xqhpsor|phqw vshoo dw wkhlu
uhwxuq1 Jlyhq wkdw wkh fhqvxv ri wkh xqhpsor|hg zrunhuv rffxuv rq
Mxqh 63/ lw kdsshqv wkdw vrph xqhpsor|hg duh qrw frxqwhg dw d jlyhq
|hdu ehfdxvh wkh| duh lq d wudlqlqj vfkhph ru kdyh d whpsrudu| mre
wkdw gd|1 Wkh| duh vwloo xqhpsor|hg wkrxjk dqg frxqwhg dv vxfk lq
d iroorzlqj fhqvxv1 Whpsrudu| h{lwv lqwurgxfh eldvhv lq rxu phdvxuh
ri wkh qxpehu ri lqglylgxdov lq frkruw +o>{, wkdw ohdyh xqhpsor|phqw
gxulqj wkh n gxudwlrq lqwhuydo/ i&,%1 Li dq lqglylgxdo frxqwhg lq x&,%
h{lwv xqhpsor|phqw whpsrudulo| durxqg wkh vwduw ri wkh n .4gxudwlrq;5 Fkdswhu 6
lqwhuydo dqg uhwxuqv zlwklq wkh qh{w wkuhh prqwkv/ wkhq wkh qxpehu ri
rxw rzv i&,% lqfuhdvhv vsxulrxvo| ri rqh xqlw1 Vlqfh wkh pdmrulw| ri fhoov
lq rxu gdwd vhw frxqwv dw prvw rqh lqglylgxdo/ wkh juhdwhu sduw ri wkh
whpsrudu| h{lwv fdq eh vsrwwhg dqg fruuhfwhg iru e| vhwwlqj wkh lghqwlhg
vsxulrxv ulvn vhwv wr 4 +vhh wkh vhfwlrq cWhpsrudu| h{lwv* ri Dsshqgl{ 4
iru ghwdlov,1
Fkdqjh lq wkh ydoxh ri dq lqglylgxdo fkdudfwhulvwlfv { gxulqj wkh xqhp0
sor|phqw vshoo lv wkh vhfrqg vrxufh ri vsxulrxv rxw rzv1 Zh looxvwudwh
wkh lqgxfhg eldv zlwk wkh iroorzlqj h{dpsoh1 Lpdjlqh wkdw dq xqhp0
sor|hg zrunhu l pryhv iurp surylqfh D wr surylqfh E +D dqg E ehlqj
lq wkh vdph uhjlrq,/ n |hduv diwhu klv hqwu| lqwr xqhpsor|phqw/ zlwk0
rxw  rzlqj rxw ri xqhpsor|phqw1 Wklv hyhqw lv uhfrughg dv iroorzv lq
rxu gdwd vhw1 Rq rqh kdqg/ wkh qxpehu ri rxw rzv lq wkh frkruw ri
lqglylgxdo l lqfuhdvhv vsxulrxvo| ri rqh xqlw dw dq hodsvhg gxudwlrq ri
n |hduv1 Rq wkh rwkhu kdqg/ wkh qxpehu ri lqglylgxdov dw ulvn ri ohdy0
lqj xqhpsor|phqw lq wkh frkruw zklfk vkduhv doo wkh fkdudfwhulvwlfv ri
wkh lqlwldo frkruw exw wkh surylqfh +surylqfh E,/ lqfuhdvhv vsxulrxvo| e|
rqh xqlw1 Dfwxdoo|/ wkhvh fkdqjhv fdq uhvxow iurp dgplqlvwudwlyh sure0
ohpv dqg gr qrw qhfhvvdulo| uh hfw wuxh prglfdwlrqv lq wkh vlwxdwlrq ri
wkh xqhpsor|hg zrunhuv1 Lq sduwlfxodu/ zh nqrz wkdw wkh| fdqqrw eh dw0
wulexwhg prvwo| wr rqh yduldeoh/ dv iru h{dpsoh pryhv ehwzhhq surylqfhv
ru fkdqjhv lq hgxfdwlrq ohyho gxulqj wkh xqhpsor|phqw vshoo1
Vlqfh d pdmrulw| ri frkruwv duh pdgh ri rqh lqglylgxdo/ prvw ri wkh lq0
glylgxdov zlwk d wlph0ydu|lqj fkdudfwhulvwlf duh lghqwlhg e| slfnlqj rxw
frkruwv zkhuh wkh ulvn0vhw lv }hur dw wkh gdwh ri hqwu| lqwr xqhpsor|phqw
dqg vwulfwo| srvlwlyh lq dw ohdvw rqh ri wkh iroorzlqj gxudwlrq lqwhuydov1






&,%/ lv dssur{lpdwho| wkh qxpehu ri revhuydwlrqv
zlwk x&,% ?x &n￿,% +vhh Dsshqgl{ 4 iru ghwdlov,1 Iljxuh 616 jlyhv wkh
qxpehu ri vsxulrxv rxw rzv djjuhjdwhg ryhu gxudwlrq dqg lq sursruwlrq
ri wkh lq rz ryhu rxu revhuydwlrq shulrg1 Wkh vl}h ri wkh sureohp lv
voljkwo| kljkhu lq Zdoorqld 0 rq dyhudjh 43( ri hqwudqwv 0 wkdq lq Iodq0
ghuv 0 rq dyhudjh :(1 Wklv glhuhqfh lv gxh wr wkh |hduv 4<;8 dqg 4<;9
zkhuh wklv sursruwlrq uhdfkhv pruh wkdq 63( lq Zdoorqld;1
HWkh vwurqj lqfuhdvh lq wkh sursruwlrq ri hqwudqwv zlwk fkdqjlqj yduldeohv lq 4<;8
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Flanders Wallonia
Iljxuh 616= Sursruwlrq ri hqwudqwv zlwk fkdqjlqj ydoxh ri wkhlu shuvrqdo
fkdudfwhulvwlfv
Lw vkrxog eh hpskdvlvhg wkdw wkh lpsruwdqfh ri wkh eldv lq e S&,% gxh wr
wlph0ydu|lqj fkdudfwhulvwlfv lv lqyhuvho| uhodwhg wr wkh ohyho ri djjuhjd0
wlrq1 Lq sduwlfxodu/ li wkh frkruwv zhuh ghqhg rqo| lq whupv ri gxudwlrq
dqg |hdu ri lq rz/ wkh Ndsodq0Ph|hu hvwlpdwh ri wkh djjuhjdwh rxw rz
suredelolw| zrxog eh xqeldvhg1 Rq wkh rwkhu kdqg/ wkh qh jurxslqj ri
wkh gdwd 0 pdlqo| lqgxfhg e| phdvxulqj djh rq d prqwko| edvlv 0 doorzv
xv wr vsrw lqglylgxdov zlwk wlph0ydu|lqj fkdudfwhulvwlfv1
Lq vxp/ wkh fruuhfwlrq surfhgxuh dssolhg wr rxu gdwd zrunv dv iroorzv1
Zh uvw fruuhfw wkh gdwd iru whpsrudu| h{lwv1 Vhfrqg zh fdofxodwh wkh
qxpehu ri vsxulrxv rxw rzv lq frkruw o dw gxudwlrq lqwhuydo n/ i7
&,u1
Wklug/ zh vxssuhvv doo revhuydwlrqv zlwk x&,% ?x &n￿,% vlqfh wkh| ylrodwh
wkh frqglwlrq= 3  e S&,%  41 Ilqdoo|/ zh dsso| wkh iroorzlqj fruuhfwlrq










i&,%1 Wklv fruuhfwlrq olhv rq wkh dvvxpswlrq wkdw wkh
+xqrevhuyhg, qxpehu ri vsxulrxv h{lwv lq frkruw +o>{, gxulqj wkh n|￿
|hduv +vhh Iljxuh 618,1 Zh kdyh qr dgglwlrqdo h{sodqdwlrq ri wklv qglqj dw wklv srlqw1;7 Fkdswhu 6
lqwhuydo/ i7
&,%/ lv sursruwlrqdo wr i7
&,u zlwk d idfwru ri sursruwlrqdolw|
+
s&,%
s&,u ,1 Lq wkh vhtxho/ zh dozd|v xvh wkh gdwd vhw zlwk wkh fruuhfwhg
e SW
&,%1 Lq rughu wr oljkwhq wkh qrwdwlrq/ zh qrwh e S&,%1 Qrwlfh wkdw zh
dsso| wklv fruuhfwlrq lq hdfk uhjlrq vhsdudwho|/ l1h1 zh pdgh wkh lpsolflw
dvvxpswlrq wkdw pryhphqwv ri xqhpsor|hg shrsoh ehwzhhq uhjlrqv duh
qhjoljleoh zlwk uhvshfw wr pryhphqwv zlwklq uhjlrqv<1 Wkh orz ghjuhh
ri oderxu prelolw| ehwzhhq Iodqghuv dqg Zdoorqld lv vxssruwhg e| wkh
vwxg| ri Fdqghorq hw do1 +5333,1
Wkh rewdlqhg 96:<6 hpslulfdo suredelolwlhv +e S&,%, iru Iodqghuv dqg
78<;: iru Zdoorqld vxppdul}h wkh oderxu pdunhw klvwrulhv ri 73<;4 dqg
58667 xqhpsor|hg shuvrqv43 uhvshfwlyho|1
61517 Ghvfulswlyh vwdwlvwlfv
Lq wklv vxe0vhfwlrq/ zh suhvhqw vrph ghvfulswlyh vwdwlvwlfv derxw xq0























Iljxuh 617= Wrwdo vwrfn ri xqhpsor|phqw lq Mxqh +pdoh djhg 58077,
Iljxuh 617 vkrzv wkh wrwdo vwrfn ri xqhpsor|phqw iru phq djhg 58077
bDsso|lqj rwkhu fruuhfwlrqv +dqg dvvxpswlrqv, frqupv wkdw wkh fkrvhq fruuhfwlrq
shuirupv ehwwhu1
￿fZkdw fruuhvsrqgv wr 6:9:7 frkruwv iru Iodqghuv dqg 5678< iru Zdoorqld1Fkdswhu 6 ;8
lq rxu gdwd vhw/ lq Iodqghuv dqg Zdoorqld1 Dv douhdg| vwuhvvhg lq wkh
lqwurgxfwlrq/ xqhpsor|phqw lqfuhdvhg vwhdglo| lq erwk uhjlrq ehwzhhq
4<:6 dqg 4<;61 Iurp 4<;6/ d glyhujlqj hyroxwlrq vhhpv wr vkrz xs= Xq0
hpsor|phqw ghfuhdvhg pdunhgo| lq Iodqghuv/ zkloh lw uhpdlqhg dw d kljk
ohyho lq Zdoorqld1 Krzhyhu/ zkhq zh gh0wuhqg wkh wzr vhulhv/ wkh slfwxuh
lv glhuhqw= Wkh glyhujhqfh ehwzhhq wkh wzr uhjlrqv vhhpv wr eh gulyhq
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Flanders Wallonia
Iljxuh 618= Lq rz lqwr xqhpsor|phqw lq Mxqh
Wkh qxpehu ri shrsoh  rzlqj lqwr xqhpsor|phqw gxulqj wkh prqwk




rxu phdvxuh ri wkh vl}h ri lq rz lqwr xqhpsor|phqw1 Iljxuh 618 vkrzv
wkh hyroxwlrq ri wkh lq rz lqwr xqhpsor|phqw lq Iodqghuv dqg Zdoor0
qld1 Wkh qxpehu ri hqwudqwv lv vwurqjo| lqfuhdvlqj ryhu wlph/ voljkwo|
pruh pdunhgo| lq Zdoorqld= dw udwhv htxdo wr 6=<( dqg 7=9( |hduo| lq
Iodqghuv dqg Zdoorqld uhvshfwlyho|441 Vr/ lqflghqfh fdqqrw eh wkh pdlq
fdxvh ri glyhujhqfh lq wkh hyroxwlrq ri xqhpsor|phqw ehwzhhq wkh wzr
pdlq uhjlrqv ri Ehojlxp1 Lqflghqfh dovr vkrz d vlplodu frxqwhuf|folfdo
ehkdylrxu lq wkh wzr uhjlrqv1 Lq wkh vhfrqg kdoi ri wkh 4<:3v wkhuh lv
￿￿Wkhvh udwhv duh rewdlqhg e| uhjuhvvlqj wkh orjdulwkp ri wkh qxpehu ri hqwudqwv
lq erwk uhjlrqv rq d frqvwdqw whup dqg d wuhqg1;9 Fkdswhu 6
odujh lqfuhdvh lq wkh lq rz/ sduwlfxoduo| lq Iodqghuv/ zlwk d shdn lq 4<;4
+diwhu wkh vhfrqg rlo vkrfn,1 Iurp 4<;5/ wkh lq rz lqwr xqhpsor|phqw
ghfuhdvhv lq erwk uhjlrqv/ pruh lpsruwdqwo| lq Iodqghuv/ dqg ulvhv djdlq
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Flanders Wallonia
Iljxuh 619= Hpslulfdo prqwko| kd}dug lq wkh uvw gxudwlrq lqwhuydo
Lq rughu wr vhh wkh hyroxwlrq ri xqhpsor|phqw gxudwlrq lq erwk uh0
jlrqv/ zh fdofxodwh wkh Ndsodq0Ph|hu hvwlpdwh ri wkh djjuhjdwh rxw rz
suredelolw|/ lq wkh uvw gxudwlrq lqwhuydo/ e S￿,1 Jlyhq wkdw xqhpsor|0
phqw gxudwlrq lv phdvxuhg lq |hduv/ lwv hyroxwlrq jlyhv d idlu ylhz ri wkh
sdwwhuq ri wkh h{lw suredelolw| iru wkh srsxodwlrq ri lqwhuhvw1 Lq wkh hp0
slulfdo dqdo|vlv/ zh vshfli| d PSK prgho1 Iru sxusrvhv ri frpsdulvrq
zlwk wkh prgho hvwlpdwhv/ zh wudqvirup wkh hpslulfdo rxw rz suredelolw|
lqwr lwv frqwlqxrxv htxlydohqw451 Iljxuh 619 vkrzv wkh prqwko| hpslul0
fdo kd}dug46 lq wkh uvw |hdu ri xqhpsor|phqw1 Erwk uhjlrqv h{klelw d
grzqzdug wuhqg lq wkh rxw rz udwh ryhu wkh shulrg/ dw udwhv htxdo wr
6=3( dqg 4=9(/ lq Iodqghuv dqg Zdoorqld uhvshfwlyho|471 Vr gxud0
wlrq vhhpv wr gulyh wkh glhuhqw vwuxfwxudo hyroxwlrqv lq xqhpsor|phqw
￿2Wkh wudqvirupdwlrq lv= e ￿, ' 3*?

 3 e ￿,


￿￿Wkh prqwko| djjuhjdwh kd}dug lv vlpso| wkh |hduo| djjuhjdwh kd}dug glylghg e|
wzhoyh1
￿eWkhvh udwhv duh rewdlqhg e| uhjuhvvlqj wkh orjdulwkp ri wkh kd}dug udwh lq erwk
uhjlrqv rq d frqvwdqw whup dqg d wuhqg1Fkdswhu 6 ;:
dfurvv uhjlrqv1 Wkh f|folfdo yduldelolw| lq wkh h{lw udwh lv urxjko| vlplodu
lq Iodqghuv dqg Zdoorqld1 Lq wkh qh{w vhfwlrq/ zh wu| wr ghwhuplqh wkh
sduw ri wklv vwuxfwxudo dqg f|folfdo yduldwlrq zklfk lv gxh wr fkdqjhv lq
wkh rxw rz udwh ri doo fxuuhqwo| xqhpsor|hg zrunhuv dqg wkh sduw gxh
wr  xfwxdwlrqv lq wkh dyhudjh txdolw| ri hqwudqwv lqwr xqhpsor|phqw1
Wkh glvwulexwlrq lq wkh Mxqh lq rz ri wkh shuvrqdo fkdudfwhulvwlfv {/
l1h1 ￿￿,%
￿￿, / lv xvhg lq rxu irupdo dqdo|vlv wr hydoxdwh wkh lpsdfw ri fkdqjhv
lq wkh revhuyhg txdolw| ri hqwudqwv rq wkh djjuhjdwh rxw rz udwh1 Krz
grhv wklv glvwulexwlrq hyroyh gxulqj wkh revhuydwlrq shulrgB Wkh frpsr0
vlwlrq ri wkh lq rz lv ghslfwhg lq Dsshqgl{ 6 iru Iodqghuv dqg Zdoorqld=
Iljxuhv 6148/ 6149 +ohyho ri hgxfdwlrq,/ Iljxuhv 614:/ 614; +surylqfh ri
uhvlghqfh, dqg Iljxuhv 614</ 6153 +vhfwru ri suhylrxv hpsor|phqw,1
Wkh glvwulexwlrq lq wkh lq rz ri wkh vfkrrolqj ohyho fkdqjhv vljql0
fdqwo| ryhu wkh zkroh shulrg1 Wkhuh lv d ghfuhdvh ri hqwudqwv zlwk dw
prvw dq hohphqwdu| ghjuhh/ iurp 93( rq dyhudjh ryhu wkh uvw kdoi ri
wkh shulrg +4<:504<;6, wr 68( ryhu wkh vhfrqg kdoi ri wkh shulrg lq
Iodqghuv/ dqg iurp 8:( wr 73( lq Zdoorqld1 Doo rwkhu vfkrrolqj ohyhov
vlploduo| lqfuhdvh wkhlu vkduhv lq wkh lq rz1 Lq erwk uhjlrqv/ wkh lq rz
glvwulexwlrq ri wkh surylqfh ri uhvlghqfh lv lq olqh zlwk wkhlu vkduhv lq
wkh dfwlyh srsxodwlrq1 Lq Zdoorqld/ wkh odujh pdmrulw| ri hqwudqwv olyh lq
Kdlqdxw dqg Olëjh zkloh lq Iodqghuv/ wkh qxpehu ri hqwudqwv e| surylqfh
ri olylqj lv pruh hyhqo| glvwulexwhg1 Wkh glvwulexwlrq ri wkh surylqfh ri
olylqj uhpdlqv idluo| frqvwdqw ryhu wkh shulrg lq Zdoorqld1 Lq Iodq0
ghuv/ wkhuh lv d ulvh ri hqwudqwv olylqj lq Yoddpv0Eudedqw dqg Olpexuj
zklfk lv frpshqvdwhg e| d ghfolqh lq wkh qxpehu ri hqwudqwv olylqj lq
Zhvw0Yoddqghuhq1 Ilqdoo|/ wkhuh lv vrph fkdqjhv lq wkh glvwulexwlrq ri
hqwudqwv e| vhfwru ri suhylrxv hpsor|phqw ryhu wkh shulrg1 Lq erwk uh0
jlrqv/ wkh vkduh ri hqwudqwv zrunlqj suhylrxvo| lq wkh exloglqj lqgxvwu|
lv odujh dqg ghfolqhv ryhu wkh zkroh shulrg/ iurp 63( rq dyhudjh ryhu
w k h u v wk d o ir iw k hs h u l r gw r48( ryhu wkh vhfrqg kdoi481 Wkh odujh vkduh
ri hqwudqwv frplqj iurp wkh sxeolf vhuylfh lv sduwo| d fkdudfwhulvwlf ri
wkh Mxqh lq rz= Dw wkh hqg ri wklv prqwk/ whdfkhuv zkr gr qrw krog d
{hg srvlwlrq kdyh wr uhjlvwhu dv xqhpsor|hg zrunhuv1 Wkh sursruwlrq
ri zrunhuv suhylrxvo| hpsor|hg lq wkh sxeolf vhuylfhv ulvhv voljkwo| ryhu
￿DWklv qhjdwlyh wuhqg frxog eh gxh wr wkh lqfuhdvhg vhyhulw| ri wkh hqwlwohphqw uxohv
zklfk uhgxfhv wkh lqfhqwlyh wr uhjlvwhu iru whpsrudu| odlg0r zrunhuv1;; Fkdswhu 6
wkh shulrg lq erwk uhjlrqv1 Wklv fdq uh hfw wkh lpsruwdqfh ri vxevlglvhg
mrev fuhdwhg e| wkh jryhuqphqw wr jkw xqhpsor|phqw1 Wkh vkduh ri
hqwudqwv iurp wkh vwhho0lurq lqgxvwu| lv voljkwo| kljkhu lq Zdoorqld wkdq
lq Iodqghuv +rq dyhudjh 49( dqg 47(,/ exw uhpdlqv vwdeoh ryhu wlph1
Wkh sursruwlrq ri zrunhuv suhylrxvo| hpsor|hg lq wkh sulydwh vhfwru lv
vlplodu lq erwk uhjlrqv +rq dyhudjh 4;(, dqg lqfuhdvhv zhdno|1 Ilqdoo|/
wkh phdq djh ri hqwudqwv lv 66 |hduv rog lq Iodqghuv dqg Zdoorqld dqg
grhv qrw fkdqjh vljqlfdqwo| ryhu wkh shulrg1
Lq vxp/ yduldwlrqv lq wkh vkduh ri xqhpsor|hg zrunhuv e| vfkrrolqj
ohyho/ dqg wr d ohvv h{whqw e| vhfwru ri suhylrxv hpsor|phqw/ frxog lqgxfh
vljqlfdqw fkdqjhv lq wkh djjuhjdwh rxw rz udwh lq erwk uhjlrqv1 Rq wkh
rwkhu kdqg/ fkdqjhv lq wkh glvwulexwlrq ri djh dqg surylqfh ri olylqj duh
xqlpsruwdqw wr dffrxqw iru  xfwxdwlrqv lq wkh djjuhjdwh h{lw udwh1 Dv
vdlg vxsud/ yduldwlrqv lq wkh frpsrvlwlrq ri lq rz lv rqo| uhohydqw lq
uhvshfw ri shuvrqdo fkdudfwhulvwlfv wkdw dhfw wkh h{lw suredelolw|1 Li wkh
hgxfdwlrqdo dwwdlqphqw lv qrw d vljqlfdqw ghwhuplqdqw ri wkh kd}dug
udwh/ wkh ulvlqj vkduh ri hqwudqwv zlwk kljkhu hgxfdwlrq fdqqrw h{sodlq
dq| wuhqg lq wkh djjuhjdwh rxw rz udwh1 Rxu gxudwlrq dqdo|vlv doorzv
xv wr hydoxdwh zkhwkhu wkh vfkrrolqj ohyho dqg wkh vhfwru ri suhylrxv
hpsor|phqw kdyh d vljqlfdwlyh lpsdfw rq wkh rxw rz udwh1
616 Wkh pl{hg sursruwlrqdo kd}dug prgho
61614 Qrwdwlrqv dqg dvvxpswlrqv
Ohw wkh yduldeohv o dqg w ghqrwh uhvshfwlyho| wkh fdohqgdu wlph dw wkh
prphqw ri lq rz dqg xqhpsor|phqw gxudwlrq1 Wkhvh yduldeohv duh phd0
vxuhg lq |hduv1 Wkh zd| wkh lq rz lv frqvwuxfwhg lq rxu gdwd uhtxluhv
xv wr prgho fdohqgdu wlph dw wkh prphqw ri lq rz/ o/ dv d glvfuhwh wlph
surfhvv1 Zh kdyh wkdw o 5i 3>4>===>53j dqg e| ghqlwlrq/ wkdw w  3
dw wkh prphqw ri lq rz o1 Dowkrxjk zh dqdo|vh glvfuhwh gdwd/ zh wuhdw
xqhpsor|phqw gxudwlrq/ w/ dv d frqwlqxrxv wlph surfhvv1 Vr/ w 5 Un1
Rwkhuzlvh/ wkh vshflfdwlrq zrxog eh vhqvlwlyh wr wkh wlph xqlw ri wkh
gdwd +vhh Iolqq dqg Khfnpdq 4<;5,1 Plvvshflhg gxudwlrq lqwhuydov/
l1h1 qrw frqvlvwhqw zlwk wkh xqhpsor|hg ehkdylrxu/ zrxog wkhq ohdg wrFkdswhu 6 ;<
qrq0sursruwlrqdolw|/ ylrodwlqj wkh PSK vshflfdwlrq lpsrvhg ehorz491
Ilqdoo|/ zkhq frqglwlrqlqj rq wkh xqhpsor|phqw klvwru| vxfk dv uh0
txluhg lq pl{wxuh prghov/ hdfk lqglylgxdo lv wuhdwhg cdv li* v2kh glg qrw
fkdqjh fkdudfwhulvwlfv1
Zh ghqrwh wkh kd}dug ri dq lqglylgxdo xqhpsor|hg iru w |hduv dqg dw
ulvn ri ohdylqj xqhpsor|phqw dw fdohqgdu wlph o . w/ frqglwlrqdo rq klv
vhw ri revhuyhg fkdudfwhulvwlfv { dqg rq klv xqrevhuyhg fkdudfwhulvwlfv
y/e | =
k+wmo . w>{>y, +616,









Khuh dqg lq wkh vhtxho/ wkh fdohqgdu wlph ghshqghqfh lv lpsolflw lq wkh
qrwdwlrq ri wkh vxuylyru ixqfwlrq1
Zh wkhq vshfli| d pl{hg sursruwlrqdo kd}dug +PSK, prgho lq zklfk zh
lpsrvh d frqwlqxrxv edvholqh kd}dug dqg frqvwdqw fdohqgdu wlph hhfwv
zlwklq |hduo| lqwhuydov=
;w 5 ^n 4>n,=k+wmo . w>{>y, @ h{s^*￿+n,.*2+o . n,.{`y  k&,%y
+618,
zkhuh n 5i 4>===>54j / *￿+n,@
& U
&3￿
*￿+w,gw dqg wkh ixqfwlrqv *￿+=, dqg
*2+=, uhsuhvhqw uhvshfwlyho| wkh gxudwlrq dqg fdohqgdu wlph ghshqghqfh
ri wkh frqglwlrqdo kd}dug1
Zh dvvxph wkdw fdohqgdu wlph dw wkh prphqw ri lq rz dhfwv wkh vkdsh
ri wkh pl{lqj glvwulexwlrq +dv lq Deeulqj hw do1 5 3 3 4 dr ul qF k d s w h u5 , 1
￿SQrwh wkdw wkh surfhvv lv frqwlqxrxv h{fhsw iurp frqglwlrqlqj rq vxuylydo wkurxjk
wkh prqwk ri hqwu| lqwr xqhpsor|phqw1 D cjhqxlqh* frqwlqxrxv wlph surfhvv zrxog
uhtxluh prgholqj vshoov wkdw vwduw dqg hqg zlwklq wkh vdph prqwk1 Wklv zrxog vxe0
vwdqwldoo| frpsolfdwh rxu vshflfdwlrq1<3 Fkdswhu 6
E| grlqj vr/ zh doorz iru yduldwlrqv lq wkh xqrevhuyhg fkdudfwhulvwlfv ri
hqwudqwv lqwr xqhpsor|phqw1 Xvlqj +617, dqg +618,/ wkh pl{wxuh vxuylyru












zkhuh I, +=, lv wkh khwhurjhqhlw| glvwulexwlrq1 Ehorz/ zh zloo vshfli| wklv
glvwulexwlrq dv zhoo dv krz lw ghshqgv rq fdohqgdu wlph dw wkh lq rz1








zkhuh ￿& lv wkh Nurqhfnhu ghowd dqg zkhuh zh lpsrvh wkdw ;m A 7=
￿ @ e1 Wkh odwwhu uhvwulfwlrq dyrlgv huudwlf yduldwlrq ri wkh sdudphwhuv
lqgxfhg e| d wrr vpdoo qxpehu ri revhuydwlrqv dw wkh wdlo ri wkh gxudwlrq
glvwulexwlrq1
Lq wkh olqh ri Deeulqj hw do1 +5334e,/ zh uhsuhvhqw wkh fdohqgdu wlph
ghshqghqfh ri wkh kd}dug/ *2 +o . n,/ e| wkh iroorzlqj  h{leoh sdudphwulf
vshflfdwlrq=
*2 +o . n,@
￿2 [
￿’￿
￿s￿ +o . n, +61;,
Wkh hhfw ri fdohqgdu wlph dw h{lw rq wkh kd}dug lv prghoohg e| d  h{leoh
wzhoiwk ghjuhh sro|qrpldo lq fdohqgdu wlph/ s￿ +o . n,/ fdswxulqj erwk
wuhqg dqg exvlqhvv f|foh hhfwv4:1 Wr dyrlg pxowl0froolqhdulw| sureohpv/
zh iroorz Deeulqj hw do1 +5334e, dqg xvh wkh ruwkrjrqdo Fkhe|vkhy
sro|qrpldo lqvwhdg ri dq ruglqdu| sro|qrpldo4;1
￿.D wzhoiwk ghjuhh sro|qrpldo vkrxog wudfn wkh fdohqgdu wlph ghshqghqfh ri wkh
kd}dug lq d  h{leoh zd|1 Qrwh wkdw/ lq rughu wr dyrlg wkh lqflghqwdo sdudphwhu sure0
ohp/ wkh qxpehu ri ghjuhhv vkrxog eh frqvwdqw ru dw ohdvw lqfuhdvh dw d vorzhu udwh
wkdq wkh qxpehu ri fdohqghu wlph srlqwv1 Lq wkh odwwhu fdvh/ wkh cjrrg* dv|pswrwlf
surshuwlhv ri wkh hvwlpdwru fdqqrw eh jxdudqwhhg +vhh Jrxulhurx{ dqg Prqiruw 4<<8/
s14;<,1 Krzhyhu/ wklv grhv qrw lpso| wkdw wkh qxpehu ri sdudphwhuv vkrxog qhfhvvdu0
l o |e h { h gd vw k hq x p e h ur if d o h q g d uw l p hs r l q w vj u r z v /v x f kd vP h u }+ 4 < < < /s 1 6 6 6 ,
fodlpv lq khu fulwltxh rq Ydq ghq Ehuj dqg Ydq ghu Noddxz +5334,1
￿HW k hv h u l h vr iF k h e | v k h ys r o | q r p l d o vl vr e w d l q h gd vi r o o r z v+ v h hD e u d p r z l w }d q gFkdswhu 6 <4
61615 Wkh vwdwlvwlfdo prgho
Zh qrz wxuq wr d ghvfulswlrq ri wkh hvwlpdwlrq surfhgxuh/ zklfk zh
fkrrvh wr eh Plqlpxp Fkl0Vtxduh +vhh Ehunvrq 4<77/ Dphpl|d 4<;4/
Frfn{ 4<<:,1 Lq d qxwvkhoo/ wklv phwkrg frqvlvwv lq uhjuhvvlqj iru hdfk
frkruw d wudqvirupdwlrq ri wkh revhuyhg h{lw suredelolw|/ l1h1 wkh iudfwlrq
ri zrunhuv wkdw ohdyh xqhpsor|phqw zlwklq d sduwlfxodu gxudwlrq lqwhuydo
jlyhq wkdw wkh| glg qrw ohdyh hduolhu/ wr lwv wkhruhwlfdo frxqwhusduw1 Wkh
wkhruhwlfdo suredelolw| dw wkh n|￿ gxudwlrq lqwhuydo iru d zrunhu ri w|sh
{ zkr lv dw ulvn ri ohdylqj xqhpsor|phqw zlwklq wkh +o . n,
|￿ |hdu lv=
S&,%  Su+n  4  W?n mW  n  4>o. n>{, +61<,
Xvlqj +619,/ zh wkhq olqn wklv suredelolw| wr wkh frqglwlrqdo kd}dug udwh=
S&,% @
























Zh dvvxph wkdw Y +udqgrp yduldeoh, lv d Jdppd yduldwh4< ri phdq/
, @ b




1 Dv vxfk/ zh doorz wkh phdq dqg wkh
yduldqfh ri Y wr ydu| sursruwlrqdoo| ryhu fdohqgdu wlph dw wkh prphqw
ri lq rz/ o +dv lq Fkdswhu 5,1 E| qrupdolvdwlrq/ wkh phdq lv htxdo wr rqh
iru o @3 1 Zh wkhuhiruh lpsrvh  @ f1 Vlqfh wkh prphqw jhqhudwlqj
ixqfwlrq ri wklv Jdppd yduldwh lv +vhh Odqfdvwhu 4<<3/ s165;,=
Vwhjxq 4<:3/ Wdeoh 5516,1 Iluvw/ olqhduo| wudqvirup wkh grpdlq ri fdohqgdu wlph wr wkh
grpdlq ri ruwkrjrqdolw| ri wkh Fkhe|vkhy Sro|qrpldo/ d3co/e |p h d q vr i+ % ' ,n&
dqg %f ' ,=
	 %E%'2
%3%3
?3￿ 3 /z k h u h ? E' 2 lv wkh qxpehu ri fdohqgdu wlph lqwhuydov frq0
vlghuhg1










￿32￿ iru  ' c2cc2 dqg iru  M -
n
￿bWkh fkrlfh ri d Jdppd glvwulexwlrq iru 8E fdq eh mxvwlhg e| wkh uhvxow wkdw/
iru d frqwlqxrxv  dqg xqghu plog uhjxodulw| frqglwlrqv/ wkh xqrevhuyhg khwhurjhqhlw|
glvwulexwlrq dprqj vxuylyruv dw | frqyhujhv wr d Jdppd glvwulexwlrq li | <"+vhh











zh duh deoh wr vlpsoli| juhdwo| wkh odvw h{suhvvlrq lq +6143,1
Ehiruh suhvhqwlqj wkh lpsolhg prgho/ zh vshfli| krz wkh yduldeohv ,
ghshqgv rq fdohqgdu wlph dw wkh lq rz1 Zh uvw lqwurgxfh wkh iroorzlqj
qrwdwlrq= , @h { s + *￿+o,,1 Xqolnh iru wkh hhfw ri fdohqgdu wlph rq
wkh kd}dug dw wkh rxw rz/ zh gr qrw vshfli| d sro|qrpldo wr fdswxuh
wkh hhfw ri fdohqgdu wlph dw hqwu|1 Zh fkrrvh wr fkdudfwhulvh wkh hhfw
ri fdohqgdu wlph dw wkh prphqw ri lq rz e| d exvlqhvv f|foh lqglfdwru=
*￿ +o,@f . ￿e+o, +6145,
Wkh exvlqhvv f|foh lqglfdwru/ e+o,/ lv wkh orjdulwkp ri wkh qxpehu ri  rzv
lqwr xqhpsor|phqw hyhu| prqwk ri Mxqh531Z hq r u p d o l v he+3, @ 3/v r
wkdw  @ h{s^f`1 Li wklv lqglfdwru grhv qrw ydu| rqo| dffruglqj wr dq
h{srqhqwldo wuhqg/ lghqwlfdwlrq lv dvvxuhg1 Zh frxog kdyh vshflhg wkh
wlph ghshqghqfh ri wkh pl{lqj glvwulexwlrq lq d pruh  h{leoh zd| zlwk
d sro|qrpldo ixqfwlrq irufhg wr eh ruwkrjrqdo wr d olqhdu wuhqg +vhh De0
eulqj hw do1 5334d,1 Li yduldwlrqv lq wkh xqrevhuyhg frpsrvlwlrq ri lq rz
forvho| iroorzv yduldwlrqv lq wkh qxpehu ri hqwudqwv lqwr xqhpsor|phqw/
rxu vshflfdwlrq wxuqv rxw wr eh d ehwwhu dowhuqdwlyh1 Iru/ lw doorzv wkh
xqrevhuyhg frpsrvlwlrq hhfw wr iroorz d wuhqg +l1h1 wkh wuhqg lq lqfl0
ghqfh,/ vhsdudwho| iurp wkh wuhqg lq wkh jhqhudo hhfw1 Wkh sodxvlelolw|
ri rxu sdudphwulf dvvxpswlrq fdq eh yhulhg e| fkhfnlqj zkhwkhu ydul0
dwlrqv lq wkh revhuyhg frpsrvlwlrq ri hqwudqwv frlqflgh zlwk yduldwlrqv
lq lqflghqfh1
Frpelqlqj +6143,/ +6144, dqg +6145,/ wkh rxw rz suredelolw| wkhq eh0
frphv=
2fZh dovr hvwlpdwhg d prgho zlwk d vhfrqg0rughu sro|qrpldo lq KE,1 Wkh frh!0

























Ilqdoo|/ zh uhodwh wkh wkhruhwlfdo rxw rz suredelolw| wr wkh hpslulfdo
suredelolw|1 Li zh uhsodfh wkh suredelolw| ri ohdylqj xqhpsor|phqw/ S&,%/
e| lwv hvwlpdwh/ a S&,%/ jlyhq lq +614,/ wkh htxdolw| ri htxdwlrq +6146, grhv
qr orqjhu krogv h{dfwo|1 Iru wkh revhuyhg djjuhjdwh h{lw suredelolw| lv
fdofxodwhg rq wkh edvlv ri d qlwh vdpsoh1 Vr zh iroorz Frfn{ +4<<:,
dqg rewdlq wkh iroorzlqj qrq0olqhdu khwhurvnhgdvwlf uhjuhvvlrq prgho=


















.$&,% . %&,% +6147,
zkhuh $&,% @ a S&,%  S&,%  %&,% lv wkh dssur{lpdwlrq huuru wkdw uh hfwv
wkh vwrfkdvwlf qdwxuh ri wkh hpslulfdo h{lw suredelolw|/ a S&,%1W k hh u u r u
%&,% lv d vshflfdwlrq huuru zklfk doorzv iru udqgrp ghyldwlrq iurp wkh
wuxh vshflfdwlrq ri wkh kd}dug udwh1 Zh dvvxph wkdw wkh odwwhu kdv d






0/ dqg wkdw wkh| duh
qrw dxwrfruuhodwhg1 Vlqfh frqglwlrqdo rq wkh qxpehu ri lqglylgxdov dw
ulvn/ x&,%/ wkh qxpehu ri rxw rzv/ I&,%/ lq wkh hpslulfdo hvwlpdwru +614,
kdv d elqrpldo glvwulexwlrq zlwk d suredelolw| ri cvxffhvv* S&,%//F r f n {
+4<<:, vkrzv wkdw H +$&,%,@3dqg wkdw d frqvlvwhqw hvwlpdwh ri wkh










Wkh hvwlpdwlrq surfhgxuh frqvlvwv lq wzr0vwhsv +vhh Dphpl|d dqg Qrog
4<:8,1 Lq d uvw vwhs zh hvwlpdwh wkh prgho +6147, e| Ruglqdu| Ohdvw<7 Fkdswhu 6
Vtxduhv +ROV,1 Rq wkh edvlv ri wkh ROV uhvlgxdov +a  &,%, dqg ri wkh
hvwlpdwhg yduldqfh ri wkh dssur{lpdwlrq huuru +a v2
&,%,/z hf d qf d o f x o d w hd



















zkhuh Q ghqrwhv wkh qxpehu ri fhoov +l1h1 revhuydwlrqv, lq rxu gdwd vhw1
Lq d vhfrqg vwhs/ zh hvwlpdwh wkh vwdwlvwlfdo prgho +6147, e| Jhqhudo0
l}hg Qrq0Olqhdu Ohdvw Vtxduhv541 Wkh rewdlqhg hvwlpdwru lv d prglhg
yhuvlrq ri wkh Plqlpxp Fkl0vtxduh hvwlpdwru/ uvw dssolhg wr gxudwlrq
gdwd e| Frfn{ +4<<:,1
E h f d x v hz hk d y hj u r x s h gg d w d /z hf r x o gx v hd"20jrrgqhvv0ri0w whvw
wr hydoxdwh wkh prgho vshflfdwlrq1 Wkh vl}h ri rxu fhoov lv krzhyhu wrr
vpdoo iru dsso|lqj odujh vdpsoh wkhru|1 Uhfdoo wkdw <6( ri wkh fhoov duh
pdgh xs ri rqo| rqh lqglylgxdo dw hqwu|1 Wkh qrupdo dssur{lpdwlrq ri
wkh elqrpldo glvwulexwlrq rq zklfk wkh "2 whvw uholhv lv jrrg dv orqj dv
x&,%S&,% * i&,% A 8 +vhh Krho 4<:4/ s1;5,1 Whvwlqj wkhuhiruh uhtxluhv d
uh0jurxslqj ri wkh gdwd551 Krzhyhu/ zkdwhyhu wkh frqvlghuhg jurxslqj
wklv frqglwlrq uhpdlqv ylrodwhg iru prvw fhoov zlwk dq xqhpsor|phqw
gxudwlrq odujhu wkdq rqh |hdu1 Wklv lv ehfdxvh rqo| yhu| ihz orqj0whup
xqhpsor|hg zrunhuv ohdyh xqhpsor|phqw/ lpso|lqj i&,% ? 8 iru nA41
Zh wkhuhiruh fkrrvh wr dyhudjh a S&,% ryhu djh dqg vhfwru ri suhylrxv
hpsor|phqw dqg fdofxodwh d qhz zhljkwhg vxp ri vtxduhg uhvlgxdov iru
revhuydwlrqv zlwk n @4rqo|1 Wkh iudfwlrq ri revhuydwlrqv vwloo ylrodwlqj
i&,% A 8 lv htxdo wr 4( dqg 9( lq Iodqghuv dqg Zdoorqld uhvshfwlyho|561
2￿Vlqfh wkh pdmrulw| ri fhoov frxqwv rqo| rqh lqglylgxdo lq rxu gdwd vhw/ wkh
hpslulfdo h{lw suredelolw| zloo prvwo| wdnh wzr ydoxhv= 	 &,% 'ru 	 &,% 'f 1





 3 	 &,%
l3￿
/ lv qr orqjhu ghqhg iru wkhvh fdvhv1 Zh ghdo zlwk wklv




zklfk lv vlpso| &,% hydoxdwhg dw wkh suhylrxv
urxqg hvwlpdwhg ydoxhv ri wkh vhw ri xqnqrzq sdudphwhuv +	 w,1 Wkh dgydqwdjh ri wklv




zloo eh qhyhu h{dfwo| htxdo wr rqh ru }hur vr wkdw wkh zhljkwv
duh dozd|v ghqhg +vhh Frfn{ 4<<:/ s16<8,1
22Zh duh judwhixo wr Edv ydq ghu Noddxz iru srlqwlqj wklv rxw wr xv1
2￿D jurxslqj dffruglqj wr wkh yduldeoh cdjh* rqo| vwloo ohdyhv durxqg ;3( ri fhoov
zlwk s&,% 	 D dprqj revhuydwlrqv zlwk & ' 1Fkdswhu 6 <8
Wkh dgmxvwhg zhljkwhg vxp ri vtxduhg uhvlgxdov +ZVVUW, lv glvwulexwhg
"2
￿W3RW li wkh prgho lv fruuhfwo| vshflhg/ zkhuh QW dqg sW lv wkh qxpehu
ri revhuydwlrqv dqg sdudphwhuv diwhu uh0jurxslqj wkh gdwd1 Wkh odwwhu
qxpehu lv rewdlqhg e| vxewudfwlqj iurp wkh wrwdo qxpehu ri sdudphwhuv
wkrvh frqfhuqlqj wkh yduldeohv xvhg lq wkh uh0jurxslqj dqg wkh gxudwlrq
sdudphwhuv1 Pruhryhu/ zh fdq whvw wkh dffhswdelolw| ri uhvwulfwlrqv rq
wkh sdudphwhuv/ iru lqvwdqfh wkh devhqfh ri xqrevhuyhg frpsrvlwlrq hi0
ihfwv +l1h1 ￿ @3 ,1 Li wkh frqvwudlqhg prgho lv zhoo vshflhg/ wkhq wkh
glhuhqfh ehwzhhq wkh dgmxvwhg zhljkwhg vxp ri vtxduhg uhvlgxdov ri
wkh frqvwudlqhg dqg wkh xqfrqvwudlqhg prgho +ZUVVW




61616 Ghfrpsrvlwlrq ri wkh djjuhjdwh kd}dug ryhu fdohq0
gdu wlph
Lq wklv vhfwlrq/ zh vkrz wkh wkhruhwlfdo ghfrpsrvlwlrq ri wkh djjuhjdwh
kd}dug ryhu fdohqgdu wlph1 Dv vwdwhg lq wkh lqwurgxfwlrq/ wkh fdohqgdu
wlph ghshqghqfh ri wkh djjuhjdwh kd}dug frpelqhv erwk d jhqhudo hhfw/
l1h1 fkdqjhv lq wkh lqglylgxdo +ru frqglwlrqdo, kd}dug/ dqg d frpsrvlwlrq
hhfw/ l1h1  xfwxdwlrqv lq wkh dyhudjh txdolw| ri hqwudqwv ohdylqj wkh lq0
glylgxdo kd}dug frqvwdqw1 Wkh odwwhu hhfw lv pdgh ri yduldwlrqv lq wkh
revhuyhg dqg xqrevhuyhg fkdudfwhulvwlfv ri wkrvh  rzlqj lqwr xqhpsor|0
phqw1 Lq rxu prghoolqj iudphzrun/ wkh djjuhjdwh kd}dug lv wkh frq0
glwlrqdo kd}dug ri dq lqglylgxdo zlwk dyhudjh revhuyhg dqg xqrevhuyhg
fkdudfwhulvwlfv/ erwk dyhudjhv ehlqj doorzhg wr ydu| ryhu fdohqgdu wlph
dw wkh prphqw ri lq rz1 Irfxvlqj rq xqhpsor|hg zrunhuv lq wkhlu uvw
gxudwlrq fodvv +l1h1 n @4 ,57 dqg ghqrwlqj e| Su+[ @ { m n @4 >o, wkh
hpslulfdo ghqvlw| ri [ dw n @4dqg o/ wkh djjuhjdwh kd}dug dw fdohqgdu
wlph o .4lv jlyhq e|=
2eZh gr qrw fdofxodwh wkh djjuhjdwh kd}dug dyhudjhg ryhu d odujhu qxpehu ri gx0
udwlrq lqwhuydov iru wkh iroorzlqj uhdvrq1 Vlqfh zh kdyh dq lq rz gdwd vhw/ qrw doo
gxudwlrq fodvvhv duh uhsuhvhqwhg dw wkh ehjlq ri wkh revhuydwlrq shulrg1 Wkhuhiruh/
frqvlghulqj pruh gxudwlrq lqwhuydov ghfuhdvhv wkh wlphvsdq rq zklfk wkh djjuhjdwh
kd}dug fdq eh fdofxodwhg1 Zh kdyh fkhfnhg wkdw wkh uhvxowv ri wkh ghfrpsrvlwlrq









k+wmo . w>{,H+ymo>W A w,gw
6
8S+[ @ {mn @4 >o, +614:,
zkhuh wkh hpslulfdo ghqvlw| ri [ dw o lv hvwlpdwhg e|=




Vlqfh wkh h{suhvvlrq lq vtxduh eudfnhwv lv wkh pl{wxuh kd}dug hydoxdwhg














Vxevwlwxwlqj wkh h{suhvvlrq ri wkh rxw rz suredelolw| jlyhq lq +6146,
lqwr +614<, dqg hydoxdwlqj lw dw n @4 / wkh djjuhjdwh kd}dug dw fdohqgdu











































Wkh jhqhudo +J, hhfw lv wkh lqvwdqwdqhrxv hhfw ri exvlqhvv frqgl0
wlrqv dw h{lw rq wkh kd}dug frqwuroolqj iru frpsrvlwlrq hhfwv1 Lq rxu
prgho/ zh fdswxuh sduw ri wkh yduldwlrq lq wkh frpsrvlwlrq ri wkh lq rz
e| frqglwlrqlqj wkh kd}dug rq revhuyhg fkdudfwhulvwlfv1 Wkh uhpdlqlqj
yduldwlrq/ wkh xqrevhuyhg frpsrvlwlrq hhfw/ lv dffrxqwhg iru e| pdn0
lqj wkh pl{lqj glvwulexwlrq ghshqghqw rq d exvlqhvv f|foh lqglfdwru dw
hqwu|1 Wkh sro|qrpldo ixqfwlrq
[￿2
￿’￿￿s￿ +o .4 , wkhuhiruh phdvxuhv
wkh jhqhudo hhfw ri wkh fdohqgdu wlph rq wkh djjuhjdwh kd}dug1 Wkh
revhuyhg frpsrvlwlrq +RF, hhfw lv wkh yduldwlrq lq wkh djjuhjdwh kd}0
dug gxh vroho| wr fkdqjhv lq revhuyhg fkdudfwhulvwlfv ri wkrvh ehfrplqjFkdswhu 6 <:
xqhpsor|hg wkurxjk wlph1 Yduldwlrqv ri wkh hpslulfdo ghqvlw| ri [ lq
wkh lq rz/ ￿￿,%
￿￿, / fdswxuhv wkh revhuyhg frpsrvlwlrq hhfw ri wkh fdohqgdu
wlph rq wkh djjuhjdwh kd}dug1 Qrwh wkdw fkdqjhv lq wkh lq rz ghqvlw|
dhfw wkh djjuhjdwh kd}dug rqo| li wkhvh fkdqjhv frqfhuq fkdudfwhulvwlfv
wkdw kdyh d vljqlfdqw lpsdfw rq wkh frqglwlrqdo kd}dug1 Wkh xqrevhuyhg
frpsrvlwlrq +XF, hhfw lv wkh yduldwlrq lq wkh djjuhjdwh kd}dug zklfk lv
rqo| h{sodlqhg e| fkdqjhv lq xqrevhuyhg fkdudfwhulvwlfv ri wkrvh hqwhu0
lqj xqhpsor|phqw wkurxjk wlph1 Wkh olqhdu ixqfwlrq ￿e+o, phdvxuhv
wkh xqrevhuyhg frpsrvlwlrq hhfw ri wkh fdohqgdu wlph rq wkh djjuhjdwh
kd}dug/ zklfk vlpso| uh hfwv wkh fdohqgdu wlph ghshqghqfh ri wkh phdq
+dqg wkh yduldqfh, ri wkh Jdppd glvwulexwlrq1
Z hf r p s x w hv | q w k h w l fv h u l h vr iw k hd j j u h j d w hk d } d u gu d w hl qr u g h uw r
ghwhuplqh wkh uhodwlyh uroh ri hdfk ri lwv wlph0ydu|lqj frpsrqhqw1 Hdfk
vhulhv lv rewdlqhg e| {lqj wkh rwkhu frpsrqhqwv wr wkhlu ydoxh dw wkh
uvw fdohqgdu wlph lqwhuydo/ l1h1 o @3 1 Wklv |lhogv wr wkh iroorzlqj wlph0
vhulhv ri wkh djjuhjdwh kd}dug +zkhuh vxshuvfulsw F uhihuv wr wkh vxp ri





















































































Zh fdq wkhq txdqwli| wkh uhodwlyh lpsruwdqfh ri wkh jhqhudo dqg wkh
frpsrvlwlrq hhfwv lq wkh wrwdo yduldwlrq ri wkh djjuhjdwh kd}dug ryhu
wkh zkroh shulrg e| dq dqdo|vlv ri yduldqfh1 Vlqfh rxu revhuydwlrq shulrg<; Fkdswhu 6
vsdqv 53 |hduv/ vwuxfwxudo dqg f|folfdo hyroxwlrqv duh vhsdudwho| lqyhvwl0
jdwhg1 Zh fdofxodwh wkh h{srqhqwldo wuhqg lq wkh wkuhh v|qwkhwlf vhulhv
+ kC
￿,/  k￿￿
￿, /  kL￿
￿, , dqg zh dvvxph wkdw wkh vxp ri wkhvh wuhqgv lv htxdo wr
wkh wuhqg lq wkh djjuhjdwh kd}dug + k￿,,1 Wklv dvvxpswlrq lv dq dssur{0
lpdwlrq vlqfh wkh wuhqg lq wkh djjuhjdwh vhulhv grhv qrw vxp xs h{dfwo|
wkh wuhqg lq wkh jhqhudo dqg frpsrvlwlrq hhfwv gxh wr wkh qrq0olqhdulw|
ri hdfk vhulhv1 Zh wkhq uhjuhvv wkh gh0wuhqghg orjdulwkp ri wkh djjuh0
jdwh kd}dug rq wkh gh0wuhqghg orjdulwkp ri wkh wkuhh v|qwkhwlf vhulhv1
Rq wkh edvlv ri wklv prgho hvwlpdwhv/ zh fdofxodwh wkh sduw ri wkh wrwdo
yduldwlrq lq wkh djjuhjdwh kd}dug wkdw lv dffrxqwhg iru e| d vwuxfwxudo
dqg d f|folfdo yduldwlrq1 Hdfk w|sh ri yduldwlrq lv ghfrpsrvhg lqwr wkh
sursruwlrq h{sodlqhg e| d jhqhudo hhfw/ dq revhuyhg frpsrvlwlrq hhfw
dqg dq xqrevhuyhg frpsrvlwlrq hhfw1 Wkh ghfrpsrvlwlrq surfhgxuh lv
ghwdlohg lq Dsshqgl{ 51
61617 Hpslulfdo uhvxowv
Wkh hvwlpdwlrq uhvxowv iru wkh pl{wxuh uhjuhvvlrq prgho vshflhg lq
+6147, duh uhsruwhg lq Wdeoh 61: lq Dsshqgl{ 7/ iru Iodqghuv dqg Zdoor0
qld1 Wkh frqvwdqw whup doorzv wr fdofxodwh wkh kd}dug udwh ri d uhihuhqfh
lqglylgxdo zlwk dq hohphqwdu| vfkrro ghjuhh/ olylqj lq Eudedqw zdoorq
+uhvs1 Yoddpv0Eudedqw iru Iodqghuv,/ suhylrxvo| hpsor|hg lq wkh fkhpl0
fdo lqgxvwu| dqg zlwk wkh dyhudjh xqrevhuyhg fkdudfwhulvwlf +l1h1 y @4 ,1
Frqvlghu uvw wkh shuirupdqfh ri wkh prghov rq wkh edvlv ri wkh jrrgqhvv0
ri0w vwdwlvwlf1 Dw d vljqlfdqfh ohyho ri 8(/ wkh prgho lv uhmhfwhg djdlqvw
wkh vdwxudwhg prgho iru erwk uhjlrqv1 Wklv uhvxow zdv h{shfwhg jlyhq
wkh odujh qxpehu ri revhuydwlrqv xvhg lq wkh hvwlpdwlrq1 Wkhuh lv qr
hylghqfh ri vshflfdwlrq huuruv dv wkhlu hvwlpdwhg vwdqgdug ghyldwlrq lv
}hur lq erwk uhjlrqv1 Ilqdoo|/ zh uhmhfw wkdw wkh phdq ri wkh xqrevhuyhg
fkdudfwhulvwlfv lv frqvwdqw ryhu wlph +￿ @3 , dw d vljqldqfh ohyho ri
8( lq erwk uhjlrqv1 Vr fkdqjhv lq wkh xqrevhuyhg txdolw| ri hqwudqwv
fdq sduwo| h{sodlq yduldwlrqv lq wkh djjuhjdwh kd}dug lq Iodqghuv dqg lq
Zdoorqld1Fkdswhu 6 <<
Xqrevhuyhg khwhurjhqhlw|/ gxudwlrq ghshqghqfh dqg fryduldwh
hhfwv
Ehiruh zh glvfxvv wkh ghfrpsrvlwlrq ri wkh fdohqgdu wlph yduldwlrq lq
wkh djjuhjdwh kd}dug/ zh uvw h{dplqh wkh vkdsh ri wkh edvholqh kd}dug
dqg wkh hvwlpdwhg hhfw ri wkh lqglylgxdo fkdudfwhulvwlfv rq wkh frqgl0
wlrqdo kd}dug1
Wkh uhvxow iru wkh hvwlpdwhg yduldqfh ri wkh khwhurjhqhlw| glvwulex0
wlrq lqglfdwhv d plog glvsdulw| ehwzhhq wkh xqrevhuyhg fkdudfwhulvwlfv
ri wkrvh  rzlqj lqwr xqhpsor|phqw1 Vlqfh wkh yduldqfh ri wkh Jdppd
glvwulexwlrq lv doorzhg wr  xfwxdwh ryhu wlph/ zh uhsruw lwv dyhudjh hv0
wlpdwhg ydoxh ryhu rxu revhuydwlrq shulrg +lwv wlph ghshqghqfh lv glv0
fxvvhg lq wkh qh{w vhfwlrq,1 Lq Iodqghuv/ wkh hvwlpdwhg yduldqfh lv vpdoo
exw vljqlfdqwo| srvlwlyh= a 2 @3 =53 zlwk d <8( frqghqfh lqwhuydo
htxdov wr ^3=48>3=59`1 Wkh yduldqfh lv vrphzkdw odujhu/ exw qrw vljql0
fdqwo|/ lq Zdoorqld= a 2 @3 =5< zlwk d <8( frqghqfh lqwhuydo htxdov wr
^3=54>3=73`1
Wkh frqglwlrqdo kd}dug lv vljqlfdqwo| ghfuhdvlqj ryhu xqhpsor|phqw
gxudwlrq1 Krzhyhu/ jhqxlqh qhjdwlyh gxudwlrq ghshqghqfh dsshduv wr
eh vwurqjhu lq Iodqghuv +vhh Iljxuh 6154 lq Dsshqgl{ 6,1 Wkhuh lv d
73( ghfuhdvh lq wkh lqglylgxdo kd}dug diwhu wzr |hduv ri xqhpsor|phqw
lq Iodqghuv zkloh wklv ghfolqhv lv rqo| htxdo wr 58( lq Zdoorqld1 Zlwk
uhvshfw wr Zdoorqld dqg sulph0djhg phq/ zh rewdlq d vlplodu uhvxow lq
Fkdswhu 5 rq wkh edvlv ri txduwhuo| djjuhjdwh rxw rz suredelolwlhv iru
wkh 4<;<04<<7 shulrg1 Diwhu irxu |hduv ri xqhpsor|phqw wkh frqglwlrqdo
kd}dug kdv gursshg e| pruh wkdq 93( lq erwk uhjlrqv zlwk uhvshfw
wr lwv lqlwldo ohyho1 Wkhuh lv dq lpsruwdqw vsxulrxv qhjdwlyh gxudwlrq
ghshqghqfh lq wkh xqfrqglwlrqdo kd}dug= Li zh glg qrw frqwuro iru wkh
revhuyhg dqg xqrevhuyhg khwhurjhqhlw| lq wkh fkdudfwhulvwlfv ri wkh hq0
wudqwv lqwr xqhpsor|phqw/ wkhuh zrxog eh d 83( dqg 73( ghfuhdvh diwhu
wzr |hduv ri xqhpsor|phqw lq Iodqghuv dqg Zdoorqld uhvshfwlyho|/ dqg
;3( ghfuhdvh diwhu irxu |hduv581
Wkh hvwlpdwhv ri wkh fryduldwh hhfwv lqglfdwh d pruh lpsruwdqw glvsdu0
lw| ehwzhhq wkh glhuhqw jurxsv ri xqhpsor|hg zrunhuv lq Zdoorqld dv
frpsduhg wr Iodqghuv1 Lq wkh PSK prgho/ wkh fryduldwh hhfwv jlyh wkh
2DWkh hvwlpdwlrq lv dydlodeoh xsrq uhtxhvw1433 Fkdswhu 6
dyhudjh hhfw ri wkh revhuyhg fkdudfwhulvwlfv rq wkh h{lw udwh ryhu wkh
4<:504<<6 shulrg1 Lq wkh qh{w vwdjh/ zh dlp wr h{dplqh wkhvh glvsdulwlhv
pruh fduhixoo| e| dqdo|vlqj wkh zd| wkh| kdyh pryhg ryhu wlph1
Zh uvw frqvlghu wkh hhfw ri vfkrrolqj rq wkh frqglwlrqdo kd}dug zlwklq
erwk uhjlrqv1 Wkh kd}dug lqfuhdvhv vljqlfdqwo| zlwk wkh ohyho ri hgxfd0
wlrqdo dwwdlqphqw lq erwk uhjlrqv1 Krzhyhu/ wkh glhuhqfh ehwzhhq wkh
uh0hpsor|phqw suredelolwlhv ri zrunhuv e| vfkrrolqj ohyho lv pxfk odujhu
lq Zdoorqld wkdq lq Iodqghuv1 Iru lqvwdqfh/ kdylqj d kljkhu hgxfdwlrq
ghjuhh lqfuhdvhv wkh uh0hpsor|phqw suredelolw| e| 58( lq Zdoorqld zkloh
wklv lqfuhdvh dprxqwv wr :( rqo| lq Iodqghuv1
Lq Zdoorqld/ wkh rxw rz udwh lv pxfk orzhu iru wkh zrunhuv zkr olyh lq
Kdlqdxw/ dqg lq d ohvv h{whqw lq Olëjh dqg Qdpxu/ wkdq iru wkrvh zkr
olyh lq Eudedqw zdoorq dqg Ox{hperxuj1 Olylqj lq Kdlqdxw ghfuhdvhv wkh
rxw rz udwh e| 58( dv frpsduhg wr olylqj lq wkh odwwhu surylqfhv1 Wkh
glhuhqfh ehwzhhq wkh h{lw udwhv dffruglqj wr wkh surylqfh ri uhvlghqfh
lv ohvv surqrxqfhg lq Iodqghuv/ zlwk wkh zruvw shuirupdqfh iru Olpexuj1
Wkh glvshuvlrq ri wkh vhfwruldo hhfwv lv dovr kljkhu lq Zdoorqld1 Iru
lqvwdqfh/ wkhuh lv d vljqlfdqw glvsdulw| lq Zdoorqld ehwzhhq wkh rxw0
 rz udwhv ri wkrvh frplqj iurp wkh vwhho dqg plqlqj lqgxvwu| dqg ri
wkrvh suhylrxvo| hpsor|hg lq wkh sulydwh vhuylfhv +wkh odwwhu duh 73(
pruh olnho| wr ohdyh xqhpsor|phqw wkdq wkh iruphu,/ zkloh wklv gli0
ihuhqfh lv qrw vljqlfdwlyh lq Iodqghuv1 Lw vkrxog eh vwuhvvhg wkdw wkh
vhfwru rffxslhg ehiruh ehfrplqj xqhpsor|hg lv qrw qhfhvvdulo| wkh vhf0
wru ri uh0hpsor|phqw1 Wkhuhiruh/ glhuhqfhv ehwzhhq wkh uh0hpsor|phqw
suredelolwlhv lq wkh vhfwruldo glphqvlrq fdq eh h{sodlqhg hlwkhu e| gli0
ihuhqwldo vhfwruldo exvlqhvv frqglwlrqv dqg2ru e| glhuhqwldo prelolw| ri
wkh xqhpsor|hg zrunhuv ehwzhhq vhfwruv1
Ilqdoo|/ wkh rxw rz udwh ghfuhdvhv vljqlfdqwo| zlwk djh/ pruh lpsru0
wdqwo| lq Iodqghuv1 Wkh h{lw udwh ri 73 |hduv rog zrunhuv lv 66( dqg 59(
orzhu wkdq wkh rqh ri wkh 58 |hduv rog zrunhuv lq Iodqghuv dqg Zdoorqld
uhvshfwlyho|591 Vr hyhq li zh uhvwulfw rxu dqdo|vlv wr wkh 58077 djh jurxs/
djh zlwklq wklv jurxs vwloo lq xhqfhv pdunhgo| wkh rxw rz suredelolw|1
2SZh dovr hvwlpdwhg d prgho zlwk d vhfrqg0rughu sro|qrpldo lq djh1 Wkh frh!flhqwv
ri wklv sro|qrpldo duh krzhyhu yhu| lpsuhflvho| hvwlpdwhg1Fkdswhu 6 434
Ghfrpsrvlwlrq ri wkh djjuhjdwh kd}dug ryhu fdohqgdu wlph
Lq wklv vhfwlrq/ zh orrn dw wkh uhodwlyh lpsruwdqfh ri pdfurhfrqrplf
frqglwlrqv dqg frpsrvlwlrqdo fkdqjhv lq wkh xqhpsor|phqw lq rz wr
h{sodlq wkh yduldwlrqv lq wkh djjuhjdwh kd}dug ryhu fdohqgdu wlph1 Ilj0
xuhv 61: dqg 61; vkrz wkh hvwlpdwhg prqwko| djjuhjdwh kd}dug5: lq wkh
uvw |hdu ri xqhpsor|phqw zlwkrxw frpsrvlwlrq hhfwv + kC
￿,,/ zlwk rqo|
frpsrvlwlrq hhfwv + k￿
￿,, dqg zlwk wkh frpelqdwlrq ri erwk + k￿,,/ iru
Iodqghuv dqg Zdoorqld uhvshfwlyho|1 Wkh ghfrpsrvlwlrq ehwzhhq wkh re0
vhuyhg + k￿￿
￿, , dqg xqrevhuyhg frpsrvlwlrq hhfwv + kL￿
￿, ,l vg h s l f w h gl q
Iljxuhv 61< dqg 61431
Yduldwlrqv lq wkh djjuhjdwh kd}dug vhhp wr eh grplqdwhg e| d qhjdwlyh
wuhqg lq Zdoorqld zkloh f|folfdo fkdqjhv dsshdu wr eh uhodwlyho| pruh
lpsruwdqw lq Iodqghuv1 Wklv revhuydwlrq lv frquphg e| wkh dqdo|vlv ri
yduldqfh= 85( ri wkh yduldwlrq lq wkh djjuhjdwh kd}dug + k￿,, lv dffrxqwhg
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Iljxuh 61:= Ghfrpsrvlwlrq ri wkh prqwko| djjuhjdwh kd}dug +N@4, 0
Iodqghuv
2.Wkh prqwko| djjuhjdwh kd}dug lv vlpso| wkh hvwlpdwhg |hduo| djjuhjdwh kd}dug
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Iljxuh 61;= Ghfrpsrvlwlrq ri wkh prqwko| djjuhjdwh kd}dug +N@4, 0
Zdoorqld
Wkh judsklfdo ghfrpsrvlwlrq dovr lqglfdwhv wkdw yduldwlrqv lq wkh dj0
juhjdwh kd}dug duh gulyhq/ lq erwk uhjlrqv/ e|  xfwxdwlrqv lq wkh lqgl0
ylgxdo h{lw udwh ri doo fxuuhqwo| xqhpsor|hg udwkhu wkdq e| fkdqjhv lq
wkh txdolw| ri hqwudqwv lqwr xqhpsor|phqw1 Krzhyhu/ wkh frpsrvlwlrq
hhfw dffrxqwv iru d vljqlfdqw sduw ri wkh vwuxfwxudo yduldwlrqv lq wkh
djjuhjdwh kd}dug1 Dffruglqj wr wkh dqdo|vlv ri yduldqfh/ fkdqjhv lq wkh
frpsrvlwlrq ri hqwudqwv h{sodlq 5:( dqg 57( ri wkh vwuxfwxudo hyroxwlrq
lq wkh djjuhjdwh kd}dug/ lq Iodqghuv dqg Zdoorqld uhvshfwlyho|/ dqg rqo|
46( dqg 47( ri lwv f|folfdo yduldelolw|5;1
Dv vxjjhvwhg e| Iljxuhv 61< dqg 6143/ wkh xqrevhuyhg frpsrqhqw df0
frxqwv iru d odujhu vkduh ri wkh vwuxfwxudo yduldwlrq lq wkh dyhudjh txdolw|
ri hqwudqwv wkdq wkh revhuyhg rqh= 93( lq Iodqghuv dqg :3( lq Zdoor0
qld1 Fkdqjhv lq wkh xqrevhuyhg txdolw| dovr gulyh prvw ri wkh f|folfdo
yduldelolw| lq wkh frpsrvlwlrq hhfw= Rqo| 8( dqg 63( ri lwv yduldelolw|
frphv iurp fkdqjhv lq wkh revhuyhg txdolw| ri hqwudqwv5<1
2HLq wkh f|folfdo ghfrpsrvlwlrq/ wkhuh lv d qhjdwlyh fryduldqfh ehwzhhq wkh jhqhudo
hhfw dqg erwk/ wkh revhuyhg dqg xqrevhuyhg frpsrvlwlrq hhfwv1 Wklv qhjdwlyh
fryduldqfh lqglfdwhv wkdw wkh f|folfdolw| ri wkh jhqhudo dqg wkh frpsrvlwlrq hhfwv
zrunv lq wkh rssrvlwh gluhfwlrq/ wkhuhe| uhgxflqj wkh wrwdo yduldelolw| lq wkh djjuhjdwh
kd}dug1
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Iljxuh 6143= Frpsrvlwlrq hhfw 0 Zdoorqld
lqwr xqhpsor|phqw/ wkh f|folfdo yduldwlrq lq wkh xqrevhuyhg txdolw| ri hqwudqwv iroorzv
wkh f|foh ri lqflghqfh1 Wkh dpsolwxgh ri wkh f|foh lq wkh xqrevhuyhg frpsrvlwlrq hhfw
lv jlyhq e| wkh hvwlpdwhg ydoxh ri wkh sdudphwhu #￿1437 Fkdswhu 6
Lw vkrxog eh qrwlfhg wkdw wkh uhvxowv ri wkh judsklfdo ghfrpsrvlwlrq dqg
wkh yduldqfh dqdo|vlv duh kdugo| vhqvlwlyh wr wkh uhihuhqfh gdwh fkrvhq
+l1h1 o @3 ,631
Ehorz/ zh glvfxvv wkh vwuxfwxudo hyroxwlrq lq wkh frpsrqhqwv ri wkh dj0
juhjdwh kd}dug e| dqdo|vlqj wkhlu h{srqhqwldo wuhqg/ dqg wkhlu f|folfdolw|
e| frpsdulqj wkhlu hvwlpdwhg f|foh wr d exvlqhvv f|foh lqglfdwru1
Wdeoh 614= Vwuxfwxudo hyroxwlrq ri wkh prqwko| djjuhjdwh kd}dug ryhu
4<:604<<6
         Total effect       General effect   Composition effect
Wallonia Flanders Wallonia Flanders Wallonia Flanders
Total variation -53% -28% -69% -43% 43% 22%
Yearly variation -3.7% -1.6% -5.9% -2.8% 1.8% 1.0%
Iodqghuv dqg Zdoorqld h{klelw erwk d ghfuhdvlqj wuhqg lq wkh djjuhjdwh
rxw rz udwh ryhu 4<:604<<6 shulrg dw udwhv htxdo wr 4=9( dqg 6=:(
|hduo|/ uhvshfwlyho|64 +vhh Wdeoh 614,1 Lq 4<<6/ wkh djjuhjdwh h{lw udwh
ghfolqhg e| 5;( frpsduhg wr lwv lqlwldo ohyho lq Iodqghuv zkloh wklv gurs
dprxqwv wr 86( lq Zdoorqld1 Wklv grzqzdug wuhqg rqo| uhvxowv iurp d
vwuxfwxudo ghfuhdvh lq wkh lqglylgxdo h{lw udwh +l1h1 lq wkh jhqhudo hhfw,/
dw udwhv htxdo wr 5=;( dqg 8=<( |hduo| lq Iodqghuv dqg Zdoorqld
uhvshfwlyho|651 Wkh vwurqj ghfolqh lq wkh lqglylgxdo rxw rz udwh ryhu wklv
shulrg zdv plwljdwhg dw wkh djjuhjdwh ohyho e| dq lqfuhdvh lq wkh txdolw|
ri wkrvh  rzlqj lqwr xqhpsor|phqw lq erwk uhjlrqv1 Wkh ulvlqj vkduh
ri hqwudqwv zlwk jrrg uh0hpsor|phqw survshfwv vlqfh 4<:5 kdv lqgxfhg
dq dqqxdo lqfuhdvh lq wkh djjuhjdwh rxw rz udwh ri 4( lq Iodqghuv dqg
￿fE| wdnlqj , ' f+l1h1 Mxqh 4<;5, dv uhihuhqfh gdwh lq wkh ghfrpsrvlwlrq dqdo|vlv/
wkh uhodwlyh uroh ri wkh frpsrvlwlrq hhfw lq wkh vwuxfwxudo yduldwlrq ri wkh djjuhjdwh
kd}dug lv I dqg 2.I lq Iodqghuv dqg Zdoorqld uhvshfwlyho|/ dqg lv xqfkdqjhg lq
wkh f|folfdo ghfrpsrvlwlrq1
￿￿Dv frpsduhg wr wkh Iljxuh 619 uhsruwhg lq Vhfwlrq 61517/ wkhuh lv d voljkw ryhuhv0
wlpdwlrq ri wkh grzqzdug wuhqg lq wkh djjuhjdwh kd}dug lq Zdoorqld dv frpsduhg wr
wkh wuhqg revhuyhg lq wkh hpslulfdo djjuhjdwh kd}dug1
￿2Qrwlfh wkdw wkh vwurqjhu qhjdwlyh wuhqg lq wkh lqglylgxdo h{lw udwh lq Zdoorqld
fdqqrw eh dwwulexwhg wr d pljudwlrq +zlwk d fkdqjh lq wkh sodfh ri uhvlghqfh, ri wkh
zrunhuv zlwk jrrg uh0hpsor|phqw survshfwv wr Iodqghuv/ zklfk zrxog kdyh dhfwhg
wkh frpsrvlwlrq ri wkh xqhpsor|hg srsxodwlrq lq wkh wzr uhjlrqv1 Iru/ wkh prelolw|
ri zrunhuv ehwzhhq Iodqghuv dqg Zdoorqld lv yhu| zhdn +vhh Fdqghorq hw do1 5333,1
Olqjxlvwlf dqg fxowxudo eduulhuv sod| dq lpsruwdqw uroh lq wkdw uhvshfw1 Vrph wudfnv
ri lqwhusuhwdwlrq ri wkh uhjlrqdo glhuhqfhv zloo eh surylghg lq Vhfwlrq 617151Fkdswhu 6 438
4=;( lq Zdoorqld1 Lq wkh devhqfh ri wklv srvlwlyh frpsrvlwlrq hhfw/ wkh
djjuhjdwh h{lw udwh zrxog kdyh ghfolqhg e| 76( dqg 9<( zlwk uhvshfw
wr lwv lqlwldo ohyho lq Iodqghuv dqg Zdoorqld uhvshfwlyho|1
Wdeoh 615= Vwuxfwxudo hyroxwlrq ri wkh frpsrvlwlrq hhfw ryhu 4<:604<<6
         Total effect          Observed         Unobserved
Wallonia Flanders Wallonia Flanders Wallonia Flanders
Total variation 43% 22% 12% 8% 28% 13%
Yearly variation 1.8% 1.0% 0.6% 0.4% 1.3% 0.6%
Wdeoh 615 vkrzv wkdw wkh xszdug wuhqg lq wkh frpsrvlwlrq ri lq rz lv
gxh wr dq lpsuryhphqw lq erwk revhuyhg dqg xqrevhuyhg txdolw| ri hq0
wudqwv/ wkh wuhqg lq wkh odwwhu frpsrqhqw ehlqj pxfk odujhu lq Zdoorqld1
Wkh yduldqfh ri wkh xqrevhuyhg fkdudfwhulvwlfv ri hqwudqwv dovr lqfuhdvhv
ryhu wlph/ vlqfh lw lv vlpso| wzlfh wkh hyroxwlrq ri wkh phdq1 Wkh vwuxf0
wxudo ulvh lq wkh revhuyhg txdolw| ri hqwudqwv lv pdlqo| dwwulexwhg wr dq
lqfuhdvh lq wkh vkduh ri kljk hgxfdwhg zrunhuv lq wkh xqhpsor|hg srs0
xodwlrq/ zkr kdyh rq dyhudjh d odujhu h{lw udwh1 Wkh yduldqfh dqdo|vlv
lqghhg uhyhdov wkdw ryhu wkh 4<:504<<6 shulrg/ fkdqjhv lq wkh glvwulexwlrq
ri vfkrrolqj dprqj hqwudqwv dffrxqw iru ;3( dqg <3( ri wkh lqfuhdvh lq
wkh revhuyhg txdolw| ri hqwudqwv lq Iodqghuv dqg Zdoorqld uhvshfwlyho|1
Lq erwk uhjlrqv/ wkh f|folfdo yduldelolw| lq wkh djjuhjdwh kd}dug lv gulyhq
e| f|folfdo yduldwlrqv lq wkh lqglylgxdo h{lw udwh +l1h1 lq wkh jhqhudo hhfw,
udwkhu wkdq e| frpsrvlwlrq hhfwv1 Jlyhq wkhlu uhvshfwlyh uroh/ zh uvw
h{dplqh wkh f|folfdolw| lq wkh jhqhudo hhfw1 Iljxuh 6144 vkrzv wkh gh0
wuhqghg jhqhudo hhfw lq wkh wzr pdlq uhjlrqv ri Ehojlxp1 Lq rughu wr
hydoxdwh lwv f|folfdo sdwwhuq/ zh frpsduh lw wr d Ehojldq exvlqhvv f|foh
lqglfdwru66/ wkh Nuhglhwedqn lqglfdwru +vhh Iljxuh 6145,1 Wklv lqglfdwru
vwduwv lq 4<;3/ l1h1 diwhu wkh rlo sulfh vkrfnv zklfk frlqflgh zlwk dq
lpsruwdqw uxswxuh lq wkh orqj0uxq jurzwk ri wkh Ehojldq hfrqrp|671
￿￿Wkhuh lv qr uhjlrqdo exvlqhvv f|foh lqglfdwru lq Ehojlxp1
￿eRyhu wkh 4<9304<:8 shulrg/ wkh orqj0uxq jurzwk ri wkh Ehojldq hfrqrp| lv 718(
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Iljxuh 6145= Wkh Nuhglhwedqn lqglfdwruFkdswhu 6 43:
Wkh lqglylgxdo h{lw udwh dsshduv wr eh surf|folfdo/ lwv sdwwhuq ehlqj
yhu| vlplodu lq Iodqghuv dqg lq Zdoorqld ryhu wkh zkroh shulrg1 Wkh
h{lw udwh lv vkduso| ghfuhdvlqj ehwzhhq 4<:7 dqg 4<;6= Lw ghfolqhv e|
pruh wkdq 93( lq 4<;6 frpsduhg wr lwv ohyho lq 4<:71 Wklv vwurqj
ghfolqh ri wkh rxw rz udwh lq Ehojlxp frlqflghv zlwk wkh uvw dqg vhfrqg
rlo sulfh vkrfnv lq 4<:6 dqg lq 4<:<1 Ryhu wklv shulrg/ hpsor|phqw
ghfuhdvhv vwurqjo| lq Ehojlxp/ wkh hpsor|phqw orvvhv ehlqj frqfhqwudwhg
lq wkh lqgxvwu|1 Gxulqj wkh shulrg ri uhfryhu|/ zklfk vwduwv zlwk wkh
ghydoxdwlrq ri wkh Ehojldq Iudqf lq 4<;5 dqg frqwlqxhv xs wr 4<<3/
Zdoorqld odjv Iodqghuv frqwlqxrxvo|1 \hw/ wkh exvlqhvv uhylydo rq wkh
rxw rz udwh lv revhuydeoh lq wkh wzr uhjlrqv1 Iurp 4<<3/ wkh hfrqrplf
grzqwxuq sxvkhg wkh h{lw udwh grzq djdlq lq erwk uhjlrqv1
Lq Dsshqgl{ 6/ Iljxuhv 6155 dqg 6156 vkrz wkh hvwlpdwhg f|folfdo ydul0
dwlrq lq wkh revhuyhg txdolw| ri hqwudqwv iru Iodqghuv dqg Zdoorqld uh0
vshfwlyho|1 Hyhq li lwv lpsdfw rq wkh djjuhjdwh kd}dug lv pdujlqdo/ zh
fdq vwdwh wkdw wkh revhuyhg frpsrvlwlrq ri wkh lq rz lv frxqwhuf|fol0
fdo lq erwk uhjlrqv= Wkh dyhudjh txdolw| ri hqwudqwv lqwr xqhpsor|phqw
lqfuhdvhv gxulqj uhfhvvlrqv dqg idoov lq xswxuqv1 Dv vxjjhvwhg e| wkh
dqdo|vlv ri yduldqfh/ wkh f|folfdo sdwwhuq lq wkh revhuyhg frpsrvlwlrq ri
lq rz lv vrphzkdw vwurqjhu lq Zdoorqld1 Wkh srvlwlyh vljq ri a ￿ +vhh
Wdeoh 61: lq Dsshqgl{ 7, dovr lqglfdwhv wkdw wkh xqrevhuyhg txdolw| ri
hqwudqwv lpsuryhv dv oderxu pdunhw frqglwlrqv ghwhulrudwh +l1h1 zkhq
lqflghqfh lqfuhdvhv,1 Wkhvh uhvxowv vxjjhvw wkdw hpsor|huv uh wkh prvw
deoh zrunhuv rqo| li wkh| kdyh qr dowhuqdwlyh/ l1h1 lq d uhfhvvlrq1 Xqdeoh
zrunhuv duh pdgh uhgxqgdqw doo wkh wlph1
Rxu uhvxowv frqfhuqlqj wkh xqrevhuyhg frpsrvlwlrq hhfw frxog eh vhq0
vlwlyh wr rxu sdudphwulf dvvxpswlrq= Zh dvvxph wkdw fkdqjhv lq wkh
xqrevhuyhg txdolw| ri hqwudqwv duh sursruwlrqdo wr fkdqjhv lq lqflghqfh1
Wkh sdwwhuq ri wkh revhuyhg frpsrvlwlrq hhfw frqupv wkh sodxvlelolw|
ri wklv dvvxpswlrq1 Iru/ zh revhuyh wkdw yduldwlrqv lq wkh revhuyhg txdo0
lw| ri hqwudqwv frlqflgh zlwk yduldwlrqv lq lqflghqfh/ lq erwk wkh f|folfdo
hyroxwlrq dqg wkh vwuxfwxudo hyroxwlrq1 Dv d uhvxow/ rxu vshflfdwlrq
wxuqv rxw wr eh d ehwwhu dowhuqdwlyh wkdq d pruh  h{leoh vshflfdwlrq
vlqfh lw doorzv wkh xqrevhuyhg frpsrvlwlrq hhfw wr iroorz d wuhqg +l1h1
wkh wuhqg lq lqflghqfh,/ vhsdudwho| iurp wkh wuhqg lq wkh jhqhudo hhfw1
Zh qlvk wkh glvfxvvlrq ri rxu hvwlpdwlrq uhvxowv e| frpsdulqj wkhp43; Fkdswhu 6
w rw k r v hr e w d l q h gl qr w k h uv w x g l h v 1 Dp r u hg h w d l o h gl q w h u s u h w d w l r qr i
wkh uhvxowv zloo eh surylghg lq wkh qh{w vhfwlrq1 Rxu uhvxowv duh lq olqh
zlwk prvw ri wkh vwxglhv edvhg rq Hxurshdq gdwd1 Zlwk wkh h{fhswlrq
ri Ndozlm +5334, iru wkh Xqlwhg Nlqjgrp/ wkh| doo frqfoxgh wkdw frpsr0
vlwlrq hhfwv duh ri plqru lpsruwdqfh wr h{sodlq f|folfdo  xfwxdwlrqv lq
wkh djjuhjdwh kd}dug +vhh iru Iudqfh/ Ydq ghq Ehuj dqg Ydq ghu Noddxz
5334/ Deeulqj hw do1 5334d> iru Ghqpdun/ Urvkrop 5334> iru Ehojlxp/
Fkdswhu 5 ri wklv wkhvlv,1 Vr wkh Hqjolvk0vshdnlqj frxqwulhv vhhp wr
uhpdlq wkh h{fhswlrq/ zlwk yduldwlrqv lq wkh txdolw| ri hqwudqwv gulylqj
d vljqlfdqw sduw ri wkh yduldwlrqv lq xqhpsor|phqw gxudwlrq +vhh/ iru
XV/ Gdue| hw do1 4<;8 dqg Deeulqj hw do1 4<<<,1 Lw vkrxog/ krzhyhu/
eh vwuhvvhg wkdw qrqh ri wkh uhylhzhg vwxglhv ghfrpsrvh irupdoo| wkh
vwuxfwxudo yduldwlrq lq wkh djjuhjdwh rxw rz udwh lqwr d jhqhudo dqg d
frpsrvlwlrq hhfw1 Dv lv vkrzq lq wklv vwxg|/ wkh uroh ri wkh frpsrvlwlrq
hhfw lv/ lq wklv uhvshfw/ uhodwlyho| lpsruwdqw1
Dowkrxjk wkh| dqdo|vh d vkruwhu wlphvsdq/ Deeulqj hw do1 +5334d,
dovr irxqg wkdw wkh lqglylgxdo h{lw udwh wuhqgv grzqzdug vljqlfdqwo| lq
Iudqfh ehwzhhq 4<;5 dqg 4<<7/ iru wkh pdoh xqhpsor|hg zrunhuv1 Krz0
hyhu/ Deeulqj hw do1 hvwlpdwh wkh frpsrvlwlrq hhfw qrq0sdudphwulfdoo|/
vr wkdw wkh| zhuh irufhg wr dvvxph wkh devhqfh ri d wuhqg lq wkh frp0
srvlwlrq ri lq rz1 Dv d uhvxow/ wkh vwuxfwxudo sduw ri wkhlu jhqhudo hhfw
lv qrw qhfhvvdulo| ulg ri yduldwlrqv lq wkh txdolw| ri zrunhuv  rzlqj lqwr
xqhpsor|phqw1 Li wkh txdolw| ri hqwudqwv kdg dovr lpsuryhg ryhu wkhlu
revhuydwlrq shulrg/ wkh hvwlpdwhg wuhqg ri wkh lqglylgxdo h{lw udwh lq
Iudqfh zrxog eh xszdug eldvhg1 Xvlqj wkh vdph gdwd/ exw frpelq0
lqj wkhp zlwk d plfur gdwd vhw/ Ydq ghq Ehuj dqg Ydq ghu Noddxz
+5334, dfwxdoo| irxqg d voljkwo| lqfuhdvlqj wuhqg lq wkh revhuyhg txdolw|
ri hqwudqwv ryhu wkh 4<;504<<7 shulrg lq Iudqfh1 Edvhg rq plfur gdwd
fryhulqj wkh 4<;404<<3 shulrg/ Urvkrop +5334, dovr hvwlpdwhg d grzq0
zdug wuhqg lq wkh lqglylgxdo h{lw udwh iurp 4<;8 lq Ghqpdun1 Djdlq wklv
h v w l p d w h gw u h q gf d qe he l d v h gv l q f hk hg l gq r wd f f r x q wi r uf k d q j h vl q
wkh xqrevhuyhg txdolw| ri hqwudqwv lq d irupdo zd|1
Wkh f|folfdo  xfwxdwlrqv lq wkh lqglylgxdo kd}dug lq Ehojlxp vhhpv
vlplodu wr wkh rqh hvwlpdwhg lq Iudqfh +vhh Deeulqj hw do1 5334d, dqg lq
wkh Xqlwhg Nlqjgrp +vhh Ndozlm 5334,1 Lq erwk frxqwulhv/ wkh lqglylgxdo
h{lw udwh lv surf|folfdo dqg gulyhv wkh f|folfdo yduldwlrq lq wkh djjuhjdwhFkdswhu 6 43<
kd}dug1 Krzhyhu/ wkh dpsolwxgh ri wkh f|foh lv odujhu lq Ehojlxp dqg lq
wkh Xqlwhg Nlqjgrp wkdq lq Iudqfh1 Dv uhjdugv wr wkh f|folfdolw| ri wkh
frpsrvlwlrq hhfw/ rxu uhvxowv duh forvh wr wkh rqh rewdlqhg lq Fkdswhu
5/ exw dovr lq Ydq ghq Ehuj dqg Ydq ghu Noddxz +5334, dqg Ndozlm
+5334,1 Wkh| dovr irxqg wkdw wkh txdolw| ri hqwudqwv lv frxqwhuf|folfdo1 Lw
vkrxog eh qrwhg wkdw Deeulqj hw do1 +5334d, irxqg d voljkwo| surf|folfdo
frpsrvlwlrq hhfw rq wkh edvlv ri wkh vdph gdwd dv lq Ydq ghq Ehuj
dqg Ydq ghu Noddxz +5334,1 Krzhyhu/ wkh hvwlpdwhg frpsrvlwlrq hhfw
lq Deeulqj hw do1 +5334d, frpelqhv erwk dq revhuyhg dqg xqrevhuyhg
frpsrqhqw vlqfh wkh| fdqqrw frqglwlrq wkh kd}dug udwh rq revhuyhg
fkdudfwhulvwlfv1 Gdue| hw do1+ 4 < ; 8 ,d q gU r v k r o p+ 5 3 3 4 ,d o v rr e w d l q h gd
surf|folfdo yduldwlrq lq wkh txdolw| ri wkrvh ehfrplqj xqhpsor|hg1 Wkh|
dwwulexwh wkhlu qglqjv wr fkdqjlqj sursruwlrqv ri yroxqwdu| txlwwhuv dqg
odlg r zrunhuv ryhu wkh f|foh1 Qrwh wkdw zh gr qrw fdswxuh yroxqwdu|
txlwv lq rxu gdwd/ vlqfh wkhvh zrunhuv duh qrw holjleoh iru xqhpsor|phqw
ehqhwv1
617 Ghfrpsrvlwlrq ri wkh jhqhudo hhfw
Lq wklv vhfwlrq/ zh txhvwlrq zkhwkhu wkh jhqhudo hhfw ri wkh fdohq0
gdu wlph rq wkh djjuhjdwh kd}dug dhfwv doo xqhpsor|hg lq wkh vdph
sursruwlrq lq erwk uhjlrqv ri Ehojlxp1 Iru wkdw sxusrvh/ zh uhod{ wkh
sursruwlrqdolw| dvvxpswlrq dqg doorz wkh fdohqgdu wlph ghshqghqfh ri
wkh frqglwlrqdo kd}dug wr eh vshflf wr wkh shuvrqdo fkdudfwhulvwlfv {1
Wklv dprxqwv wr uhsodfh *2+o . n, dqg { lq wkh frqglwlrqdo kd}dug
+618, e| *2 +{>o . n,=
;w 5 ^n  4>n,=k+wmo . w>{>y,@h { s^ *￿ +n,.*2 +{>o .n,`y  k&,%y
+6158,
zkhuh *2+{>o . n, lv vshflhg dv iroorzv=
*2+{>o . n,@{f .
￿2 [
￿’￿
{￿s￿ +o . n, +6159,443 Fkdswhu 6






















Doorzlqj iru d vhsdudwh sro|qrpldo lq fdohqgdu wlph iru hdfk ydoxh
ri wkh shuvrqdo fkdudfwhulvwlfv zrxog ohdg wr lpsuhflvh dqg lqwudfwdeoh
sdudphwhu hvwlpdwhv1 Lq d ehqfkpdun prgho/ zh wkhuhiruh vshfli| d vhs0
dudwh wzhoiwk ghjuhh sro|qrpldo e| vfkrrolqj ohyho dqg doorz iru glhuhqw
wuhqgv rqo| iru wkh rwkhu h{sodqdwru| yduldeohv681 Pruhryhu/ zh dvvxph
wkdw wkh djh hhfw lv frqvwdqw ryhu rxu revhuydwlrq shulrg1
61714 Hpslulfdo uhvxowv
Wkh hvwlpdwlrq uhvxowv iru wkh pl{wxuh uhjuhvvlrq prgho vshflhg lq
+615:, duh uhsruwhg lq wkh uvw froxpq ri Wdeoh 61; dqg Wdeoh 61< lq
Dsshqgl{ 7/ uhvshfwlyho| iru Iodqghuv dqg iru Zdoorqld1 Wkh hvwlpdwhg
wuhqgv e| vxe0uhjlrq ri olylqj dqg vhfwru ri suhylrxv hpsor|phqw duh
h{suhvvhg lq ghyldwlrq iurp wkh uhihuhqfh wuhqg +rqh e| vfkrrolqj ohyho,1
Xsrq frpsdulvrq zlwk wkh hvwlpdwhv ri Wdeoh 61:/ zh frqfoxgh wkdw
wkh lqwurgxfwlrq ri wlph0ydu|lqj fryduldwh hhfwv grhv qrw lq xhqfh wkh
rwkhu sdudphwhu hvwlpdwhv1 Lq sduwlfxodu/ wkh hvwlpdwhg ydoxh ri wkh sd0
udphwhu fdswxulqj xqrevhuyhg frpsrvlwlrq hhfwv/ ￿/ lv vlplodu wr wkh
rqh hvwlpdwhg lq wkh PSK prgho1 Dovr qrwlfh wkdw wkh shuirupdqfh ri
wkh prgho lpsuryhv rq wkh edvlv ri wkh jrrgqhvv0ri0w vwdwlvwlf1 Qhyhu0
wkhohvv/ wkh qrq0sursruwlrqdo prgho lv vwloo uhmhfwhg djdlqvw wkh vdwxudwhg
prgho dw d vljqlfdqfh ohyho ri 8(/ iru erwk uhjlrqv1 Ehiruh hqwhulqj lqwr
d pruh ghwdlohg lqwhusuhwdwlrq ri wkh hvwlpdwlrq uhvxowv/ zh uvw txhvwlrq
zkhwkhu zh fdq lpsrvh vrph uhvwulfwlrqv rq wkh wlph ghshqghqfh ri wkh
fryduldwh hhfwv edvhg rq wkh "2 whvw691
￿DZh dvvxph wkh vdph wuhqg iru wkh vhfwruv csxeolf hpsor|phqw* dqg chqhuj|* vlqfh
wklv odwwhu frqfhuqv d wrr vpdoo qxpehu ri revhuydwlrqv1
￿SLq rughu wr whvw iru wkh vljqldqfh ohyho ri wkh vhfwrudo wuhqgv/ zh dyhudjh 	 &,%Fkdswhu 6 444
Zlwk uhvshfw wr wkh vfkrrolqj ohyho/ uhvxowv glhu ehwzhhq uhjlrqv1 Lq
Zdoorqld/ wkh h{lw udwh ri wkh kljkhvw hgxfdwhg zrunhuv hyroyhv glhu0
hqwo| iurp wkh wkuhh rwkhu vfkrrolqj ohyhov= Dw d vljqlfdqfh ohyho ri 8(/
zh fdqqrw uhmhfw wkdw erwk wkh f|folfdo dqg vwuxfwxudo sdwwhuqv ri wkh
h{lw udwh duh wkh vdph iru wkh wkuhh orzhvw hgxfdwlrq ohyhov zkloh wkh|
glhu vljqlfdqwo| iru wkrvh zkr frpsohwhg kljkhu hgxfdwlrq1 Krzhyhu/
wkh glhuhqfh ehwzhhq wkhvh wzr jurxsv lv plog dv uhjdugv wr wkh f|fol0
fdo yduldelolw| lq wkhlu h{lw udwhv1 Lq Iodqghuv/ zh fdqqrw uhmhfw wkdw
wkh vwuxfwxudo hyroxwlrq ri wkh h{lw udwh lv wkh vdph iru wkh wzr orzhvw
vfkrrolqj ohyhov zkloh lw lv vljqlfdqwo| glhuhqw iru wkrvh zkr kdyh dw
ohdvw dq xsshu vhfrqgdu| ghjuhh1 Rq wkh rwkhu kdqg/ wkh f|folfdo hyr0
oxwlrq ri wkh rxw rz udwh lv vlplodu dfurvv vfkrrolqj jurxsv lq Iodqghuv1
Zlwk uhvshfw wr wkh surylqfh ri olylqj/ rqo| xqhpsor|hg shrsoh olylqj
lq Dqwzhus dqg Olpexuj lq Iodqghuv/ Kdlqdxw dqg Qdpxu lq Zdoorqld/
kdyh d glhuhqw wuhqg lq wkhlu h{lw udwh lq frpsdulvrq zlwk wkh uhihuhqfh
surylqfh1 Ilqdoo|/ dv uhjdugv wr wkh vhfwru ri suhylrxv hpsor|phqw/z h
fdqqrw uhmhfw wkdw wkh hhfwv ri doo vhfwruv rq wkh h{lw udwh hyroyh vlpl0
oduo| ryhu rxu revhuydwlrq shulrg dw d vljqldqfh ohyho ri 8( lq Zdoorqld1
Lq Iodqghuv/ zh fdqqrw uhmhfw wkdw wkh h{lw udwh ri zrunhuv frplqj iurp
wkh lurq dqg vwhho lqgxvwu| kdv d glhuhqw wuhqg wkdq wkh h{lw udwh ri
wkrvh frplqj iurp wkh rwkhu vhfwruv1
Wkh vhfrqg froxpq ri Wdeoh 61; dqg Wdeoh 61< lq Dsshqgl{ 7/ uhvshf0
wlyho| iru Iodqghuv dqg Zdoorqld/ suhvhqwv wkh hvwlpdwlrq uhvxowv ri wkh
pl{wxuh uhjuhvvlrq prgho +615:, lq zklfk zh vhw wkh uhvwulfwlrqv zklfk
duh qrw uhmhfwhg dffruglqj wr wkh "2 whvw1 Iru sxusrvhv ri frpsdulvrq
ehwzhhq wkh wzr uhjlrqv/ zh dovr lpsrvh wkh vdph f|folfdo hyroxwlrq lq
wkh h{lw udwhv ri doo vfkrrolqj jurxsv lq Zdoorqld dqg wkh devhqfh ri vsh0
flf wuhqgv lq wkh vhfwruldo glphqvlrq lq Iodqghuv1 Wkh lqwhusuhwdwlrq ri
wkh uhvxowv lv edvhg rq wklv uhvwulfwhg prgho1
Wkh lqwhuhvw ri wkh qrq0sursruwlrqdo kd}dug prgho lv wr ghfrpsrvh
wkh vwuxfwxudo hyroxwlrq lq wkh PSK jhqhudo hhfw lqwr jurxs vshflf
wuhqgv1 Wr wkdw sxusrvh/ zh frpsxwh wkh jhqhudo hhfw ri wkh djjuhjdwh
kd}dug udwh/  kC
￿, lq +6154,/ e| jurxs ri zrunhuv zlwk d glyhujlqj hyrox0
wlrq lq wkhlu rxw rz udwh/ iru lqvwdqfh wkh orz hgxfdwhg zrunhuv lq wkh
ryhu djh/ surylqfh ri olylqj dqg vfkrrolqj ohyho dqg fdofxodwh d qhz zhljkwhg vxp ri
vtxduhg uhvlgxdov rq revhuydwlrqv zlwk & ' 1445 Fkdswhu 6
surylqfh ri Kdlqdxw1 Zh wkhq fdofxodwh wkh h{srqhqwldo wuhqg lq hdfk
vhulhv1 Wkh wuhqg hvwlpdwhg lq wkh PSK jhqhudo hhfw lv wkhq/ dssur{l0
pdwho|/ d zhljkwhg vxp ri wkh wuhqgv lq wkh jurxs vshflf jhqhudo hhfwv/
zkhuh wkh zhljkwv duh wkh dyhudjh vkduh ri hdfk jurxs lq wkh lq rz lqwr
xqhpsor|phqw1
Wdeoh 616= Vwuxfwxudo hyroxwlrq ri wkh jhqhudo hhfw ryhu 4<:604<<6
      General effect
Wallonia Flanders
MPH Total variation -69% -33%
Yearly variation -5.8% -1.9%
Low-educated* Total variation -70% -36%
Yearly variation -6.1% -2.1%
High-educated Total variation -56% -27%
Yearly variation -4.1% -1.5%
- Orz0hgxfdwhg lq Zdoorqld= Ehorz kljkhu hgxfdwlrq> Orz0hgxfdwhg lq Iodq0
ghuv= Ehorz xsshu vhfrqgdu|1
Wdeoh 616 vkrzv wkdw wkh hvwlpdwhg wuhqg ri wkh PSK jhqhudo hhfw
pdvnv d glhuhqw wuhqg iru wkh orz dqg kljk hgxfdwhg zrunhuv lq erwk
uhjlrqv1 Lq Zdoorqld/ wkh rxw rz udwh ri ohvv hgxfdwhg mre vhhnhuv +ehorz
kljkhu hgxfdwlrq, ghwhulrudwhg pruh lpsruwdqwo| wkdq wkh h{lw udwh ri wkh
kljkhvw hgxfdwhg zrunhuv rq wkh zkroh shulrg= dw udwhv htxdo wr 9=4(
dqg 7=4( |hduo|/ uhvshfwlyho|1 Wkhvh udwhv duh phdqv ryhu surylqfhv1
Lq 4<<6/ wkh h{lw udwh ri wkh orz0hgxfdwhg zrunhuv kdg ghfolqhg wr :3( ri
wkh lqlwldo udwh zkloh wklv gurs dprxqwv wr 89( iru wkh kljkhvw hgxfdwhg
zrunhuv1 Vlqfh wkh orz hgxfdwhg zrunhuv uhsuhvhqw/ rq dyhudjh/ ;8( ri
hqwudqwv/ wkh wuhqg lq wkh PSK jhqhudo hhfw forvho| iroorzv wkh sdwwhuq
ri wkhlu rxw rz udwh1 Lq Iodqghuv/ wkh rxw rz udwh ri ohvv hgxfdwhg mre
vhhnhuv +ehorz xsshu vhfrqgdu|, ghfuhdvhg dw d udwh htxdov wr 6=4(
|hduo| zkloh lw ghfolqhg pruh plogo| iru wkh kljkhu hgxfdwhg xqhpsor|hg
zrunhuv/ dw d udwh ri 4=<( |hduo|1 Lq 4<<6/ wkh h{lw udwh ri wkh orz
hgxfdwhg zrunhuv kdg ghfuhdvhg wr 79( ri wkh lqlwldo udwh zkloh wklv
ghfolqh dprxqwv wr 65( iru wkh kljk hgxfdwhg zrunhuv1Fkdswhu 6 446
Wdeoh 617= Pdujlqdo hhfw ri hdfk vfkrrolqj ghjuhh rq wkh kd}dug
                  Wallonia                  Flanders
1973 1993 MPH 1973 1993 MPH
Higher education -1% 42% 25% 25% 25% 25%
Upper secondary 18% 18% 18% -5% 19% 9%
Lower secondary  31% 31% 31% 7% 7% 7%
Wdeoh 617 frpsduhv wkh pdujlqdo lpsdfw ri hdfk vfkrrolqj ghjuhh rq
wkh h{lw udwh lq 4<:6 dqg lq 4<<6/ lq erwk uhjlrqv1 Zh dovr uhsruw
wkh dyhudjh hhfw/ vxfk dv hvwlpdwhg lq wkh PSK prgho/ lq rughu wr
vhh wkh lpsruwdqfh ri doorzlqj iru wlph0ydu|lqj fryduldwh hhfwv1 Lq
Zdoorqld/ wkh glvsdulw| ehwzhhq h{lw udwhv e| vfkrrolqj ohyho zdv douhdg|
lpsruwdqw lq 4<:6/ dqg uhlqirufhg pdunhgo| ehwzhhq wkh kljkhvw dqg
wkh orzhu hgxfdwlrq ohyhov ryhu wkh zkroh shulrg1 Iru/ kdylqj d kljkhu
hgxfdwlrq ghjuhh glg qrw udlvh wkh uh0hpsor|phqw udwh lq 4<:6/ zkloh lw
lqfuhdvhg wklv udwh e| 75( lq 4<<61 Wdeoh 617 dovr lqglfdwhv wkdw wkh
glvsdulw| ehwzhhq wkh rxw rz udwh e| vfkrrolqj ohyho lqfuhdvhg voljkwo|
lq Iodqghuv/ ehwzhhq wkh orzhu dqg wkh xsshu vhfrqgdu| ohyho1 Kdylqj d
xsshu vhfrqgdu| ghjuhh uhgxfhg wkh uh0hpsor|phqw suredelolw| e| 8( lq
4<:6/ zkloh lw lqfuhdvhg wkh rxw rz udwh e| 4<( lq 4<<61 Krzhyhu/ wkh
glvsdulw| e| hgxfdwlrqdo dwwdlqphqw uhpdlqhg dw d uhodwlyho| orz ohyho
lq Iodqghuv dv frpsduhg wr Zdoorqld1
Wdeoh 618= Hhfw ri olylqj lq rwkhu surylqfhv wkdq Eudedqw zdoorq lq
Zdoorqld +uhvs1 Yoddpv0Eudedqw lq Iodqghuv, rq wkh kd}dug
Wallonia 1973 1993 MPH Flanders 1973 1993 MPH
Hainaut -18% -29% -25% Antwerpen 5% -20% -11%
Liège -17% -17% -17% Limburg -37% -1% -17%
Namur 1% -18% -11% Oost-Vlanderen -11% -11% -11%
Wkh glhuhqfh ehwzhhq wkh h{lw udwhv dffruglqj wr wkh surylqfh ri uhv0
lghqfh dovr lqfuhdvhg lq Zdoorqld1 Wdeoh 618 jlyhv wkh hhfw rq wkh
rxw rz udwh ri olylqj lq rwkhu surylqfhv wkdq Eudedqw zdoorq +uhvs1
Yoddpv0Eudedqw lq Iodqghuv,/ lq 4<:6 dqg 4<<61 Ox{hperxuj +uhvs1
Zhvw0Yoddqghuhq lq Iodqghuv, lv qrw uhsruwhg lq wkhvh wdeohv vlqfh erwk
wkh ohyho dqg wkh hyroxwlrq ri wkh rxw rz udwh lq wklv surylqfh lv qrw
vljqlfdqwo| glhuhqw wkdq wkh rqh hvwlpdwhg lq Eudedqw zdoorq +uhvs1
Yoddpv0Eudedqw,1 Wkh uh0hpsor|phqw survshfwv ri wkrvh olylqj lq Kdlq0447 Fkdswhu 6
dxw zhuh wkh zruvw dprqj wkh surylqfhv ri Zdoorqld lq 4<:6 dqg frqwlq0
xhg wr ghwhulrudwh ryhu wkh shulrg1 Wkh rxw rz udwh ri zrunhuv olylqj
lq Qdpxu zdv vlplodu wr wkh rqh hvwlpdwhg lq Eudedqw zdoorq lq 4<:6/
exw jrw forvhu wr wkh rqh hvwlpdwhg lq Olëjh lq 4<<61 Rq wkh frqwudu|/
wkh glyhujhqfh ehwzhhq wkh uh0hpsor|phqw survshfwv e| surylqfh ri uhvl0
ghqfh uhgxfhg lq Iodqghuv1 Wkh uh0hpsor|phqw survshfwv ri wkrvh olylqj
lq Dqwzhushq zhuh wkh prvw idyrxudeoh lq 4<:6/ exw wklv udqnlqj zdv
uhyhuvh dw wkh hqg ri wkh shulrg lq idyrxu ri zrunhuv olylqj lq Olpexuj1
61715 Wudfnv ri lqwhusuhwdwlrq iru wkh uhjlrqdo glyhujhqfhv
Dv vkrzq lq wkh suhylrxv vhfwlrq/ wkh odujhu ghfuhdvh lq wkh djjuh0
jdwh rxw rz udwh lq Zdoorqld ryhu wkh 4<:604<<6 shulrg lv rqo| gxh wr
d vwurqjhu wuhqg lq wkh lqglylgxdo uh0hpsor|phqw survshfwv/ zklfk lv
wzlfh dv odujh wkh rqh hvwlpdwhg lq Iodqghuv1 Wklv vhfwlrq dovr uhyhdov
wkdw wkh ghwhulrudwlrq ri wkh uh0hpsor|phqw survshfwv uh hfwv/ lq erwk
uhjlrqv/ glhuhqw hyroxwlrqv dfurvv vnloo jurxsv dqg surylqfhv/ pdlqo|
lq Zdoorqld1 Lq wklv vxe0vhfwlrq/ zh uhylhz vrph srvvleoh fdxvhv ri wkh
uhjlrqdo glvsdulwlhv lq Ehojlxp dqg lqyhvwljdwh zkhwkhu rxu uhvxowv fdq
uhlqirufh wkh h{lvwlqj hylghqfh6:1
Wkh vwurqjhu ghwhulrudwlrq ri wkh uh0hpsor|phqw survshfwv lq Zdoorqld
lv uh hfwhg lq wkh hpsor|phqw jurzwk dfurvv wkh uhjlrqv ri Ehojlxp
+vhh Vqhhvvhqv hw do1 4<<<,1 Wdeoh 619 vkrzv wkh hyroxwlrq ri vdodulhg
hpsor|phqw/ e| vhfwru dqg vxe0shulrgv/ lq Iodqghuv dqg Zdoorqld1 Ryhu
wkh 4<:604<<8 shulrg/ hpsor|phqw ghfolqhg e| 416( lq Zdoorqld zkloh
lw lqfuhdvhg e| 53( lq Iodqghuv1 Wdeoh 619 dovr vxjjhvwv wkdw wkh srru
h p s o r | p h q ws h u i r u p d q f hl qZ d o o r q l dr y h uw k l vs h u l r gu h  h f w ve r w kd
pruh surqrxqfhg dqg shuvlvwhqw vkrfn lq wkh lqgxvwu| vhfwru dqg dq
lqvx!flhqw hpsor|phqw jurzwk lq wkh sulydwh vhuylfhv1 Wkh hpsor|phqw
jurzwk lq wkh sxeolf vhuylfhv lv vlplodu lq wkh wzr uhjlrqv1
￿.Dv hpskdvlvhg lq wkh gdwd vhfwlrq/ wkh uxohv jryhuqlqj wkh xqhpsor|phqw ehq0
hw vfkhph dqg wkh ixqfwlrqlqj ri wkh oderxu pdunhw duh wkh vdph lq doo uhjlrqv ri
Ehojlxp1 Wkhvh idfwruv fdq wkhuhiruh qrw eh sxw iruzdug wr h{sodlq wkh uhjlrqdo gl0
yhujhqfhv lq Ehojlxp1 Lq irrwqrwh q
￿65/ zh dovr dujxh wkdw wkh vwurqjhu qhjdwlyh
wuhqg lq wkh lqglylgxdo h{lw udwh lq Zdoorqld fdqqrw eh dwwulexwhg wr d pljudwlrq ri
wkh zrunhuv zlwk jrrg uh0hpsor|phqw survshfwv wr Iodqghuv1Fkdswhu 6 448
Wdeoh 619= Hyroxwlrq ri vdodulhg hpsor|phqw/ e| vhfwru dqg vxe0shulrgv/
lq ( ri wkh lqlwldo uhjlrqdo hpsor|phqw
           Industry        Private services       Public services             Total
Wallonia Flanders Wallonia Flanders Wallonia Flanders Wallonia Flanders
1984/73 -19.1% -12.5% 3.1% 7.3% 7.2% 5.8% -8.8% 0.6%
1995/84 -6.6% -1.0% 10.5% 17.0% 3.7% 3.4% 7.6% 19.4%
1995/73 -25.7% -13.5% 13.5% 24.3% 10.9% 9.2% -1.3% 20.0%
Vrxufh= Vqhhvvhqv dqg Vkdgpdq0Phkwd +5333/ s144:,
Edvhg rq d vkliw0vkduh dqdo|vlv/ vrph dxwkruv dujxh wkdw wkh vhfwruldo
vwuxfwxuh fdqqrw dffrxqw iru wkh glyhujlqj hpsor|phqw jurzwk lq Iodq0
ghuv dqg Zdoorqld +vhh Elqrq hw do1 4<<;/ Pljqrohw dqg Ylhvohw 5333,1
Wklv glyhujlqj hyroxwlrq rqo| uhvxowv iurp d srru hpsor|phqw shuiru0
pdqfh zlwklq wkh Zdoorrq vhfwruv6;1 Wkh hhfw ri wkh vhfwruldo vwuxfwxuh
dsshduv wr eh zhdn ru hyhq idyrxudeoh wr Zdoorqld1 Wklv vwuxfwxuh lv
djdlqvw Zdoorqld iru ghfolqlqj vhfwruv lq zklfk wkh hpsor|phqw udwh zdv
kljk dv frpsduhg wr Iodqghuv/ olnh wkh lurq0vwhho lqgxvwu| dqg plqlqj1
Exw dw wkh vdph wlph/ wkhuh duh rwkhu ghfolqlqj vhfwruv lq zklfk Iodqghuv
zdv pruh vshfldolvhg1 Wkh vkliw0vkduh dqdo|vlv grhv qrw krzhyhu surylgh
wkh uhdvrqv ri wkh srru hpsor|phqw shuirupdqfh lq Zdoorqld1
D f f r u g l q jw rV q h h v v h q vhw do1 +4<<<,/ vwuxfwxudo lpedodqfhv ehwzhhq
vnloo jurxsv dqg vxe0uhjlrqv sod| d fuxfldo uroh wr h{sodlq wkh zhdnqhvv
r im r ef u h d w l r ql qZ d o o r q l d 6<1 Wkhlu phdvxuh ri plvpdwfk lv edvhg rq
xqhpsor|phqw udwhv e| ohyho ri hgxfdwlrq dqg surylqfh1 Wkh glvsdu0
lw| ehwzhhq wkh ghpdqg dqg wkh vxsso| ri vnloov lv/ rq dyhudjh/ orzhu lq
Iodqghuv wkdq lq Zdoorqld/ dqg lqfuhdvhg pruh pdunhgo| lq wkh odwwhu uh0
jlrq ryhu wkh 4<:604<<6 shulrg1 Zlwk uhvshfw wr wkh uhjlrqdo plvpdwfk/
wkh glvsdulw| ehwzhhq surylqfhv ehfdph pruh surqrxqfhg lq wkh wzr
uhjlrqv vlqfh wkh odwh vhyhqwlhv/ exw wkh| glvdsshduhg surjuhvvlyho| lq
Iodqghuv vlqfh wkh plg hljkwlhv1 Dv lw lv vkrzq deryh/ zh rewdlq vlplodu
uhvxowv edvhg rq uh0hpsor|phqw suredelolwlhv e| vnloo ohyho dqg surylqfh1
￿HWkh prvw ghwdloohg dqdo|vlv glvwlqjxlvkhv xs wr 8; vhfwruv1
￿bRwkhu h{sodqdwlrqv duh wkh odfn ri sulydwh lqyhvwphqw lq Zdoorqld lq wkh hljkwlhv
dqg wkh odujh vkduh ri sxeolf ixqgv lqyhvwhg wr ghfolqlqj vhfwruv lq wklv uhjlrq +vhh
Elqrq hw do1 4<<;,1 Wkhuh lv qr hylghqfh wkdw glhuhqw hyroxwlrqv lq frpshwlwlylw| +lq
whupv ri zdjh frvwv, fdq dffrxqw iru wkh glyhujlqj hpsor|phqw jurzwk lq Iodqghuv
dqg Zdoorqld1449 Fkdswhu 6
Wkh vwurqjhu ulvh ri lpedodqfhv lq wkh Zdoorrq oderxu pdunhw lv sduwo|
gxh wr wkh qdwxuh ri wkh vkrfnv wkdw klw wklv uhjlrq lq wkh vhyhqwlhv dqg
hduo| hljkwlhv +vhh Elqrq hw do1 4<<; dqg Vqhhvvhqv hw do1 4<<<,1 Xq0
olnh Iodqghuv/ hpsor|phqw orvvhv zhuh frqfhqwudwhg lq vrph lpsruwdqw
vhfwruv dqg surylqfhv lq Zdoorqld/ sduwlfxoduo| wkh vwhho dqg plqlqj lq0
gxvwu| lq wkh surylqfh ri Kdlqdxw1 Wkh h{whqw ri wkh gh0lqgxvwuldolvdwlrq/
dqg lwv frqfhqwudwlrq lq odujh duhd/ kdyh fhuwdlqo| kdpshuhg wkh ghyho0
rsphqw ri surgxfwlyh dfwlylwlhv lq Zdoorqld dqg wkh uh0rulhqwdwlrq ri
glvplvvhg zrunhuv wr jurzlqj vhfwruv1 Rxu uhvxowv fdq jlyh vrph oljkwv
rq wkh odwwhu idfw1 Erwk uhjlrqv ri Ehojlxp orvw hpsor|phqw lq wkh vwhho
dqg plqlqj lqgxvwu| ryhu wkh 4<:604<<6 shulrg zkloh wkh| jdlqhg mrev
lq wkh sulydwh vhuylfhv +vhh Wdeoh 619,1 Krzhyhu/ wkh uh0hpsor|phqw
survshfwv ri zrunhuv suhylrxvo| hpsor|hg lq wkh iruphu vhfwru lq Iodq0
ghuv duh qrw vljqlfdqwo| glhuhqw iurp wkrvh ri zrunhuv frplqj iurp wkh
sulydwh vhuylfhv lq Iodqghuv/ frqwudu| wr Zdoorqld +vhh Wdeoh 61: lq Ds0
shqgl{ 7 dqg Vhfwlrq 61617,1 Dowkrxjk wklv uhvxow sduwo| uh hfwv odujhu
mre ghvwuxfwlrqv lq wkh Zdoorrq lqgxvwu|/ lw fdq dovr lqglfdwh d ehwwhu
delolw| ri Iodqghuv wr surylgh glvplvvhg zrunhuv iurp ghfolqlqj vhfwruv
zlwk vnloov vxlwhg wr wkh qhz ghyhorslqj dfwlylwlhv1 Dq lqvx!flhqw hi0
iruw sxw lqwr hgxfdwlrq dqg wudlqlqj lq Zdoorqld pxvw kdyh sod|hg dq
lpsruwdqw uroh lq wkdw uhvshfw +vhh Elqrq hw do1 4<<;,1
Frqfhuqlqj wkh vfkrrolqj v|vwhp/ lw dsshduv wkdw wkh yrfdwlrqdo hgx0
fdwlrq lq wkh xsshu vhfrqgdu| vfkrro lq Zdoorqld dwwudfwv d odujhu vkduh
ri vwxghqwv zlwk srru ohduqlqj delolw| dv frpsduhg wr Iodqghuv1 Wklv
frpsrvlwlrq hhfw fdq suhyhqw wkh dftxlvlwlrq ri vnloov wkdw duh gluhfwo|
ydoxdeoh rq wkh oderxu pdunhw1 Zdoorqld lv dovr fkdudfwhulvhg e| d orzhu
qxpehu ri |rxqj shrsoh zkr dfklhyh wkh xsshu vhfrqgdu| vfkrro/ sdu0
wlfxoduo| zlwk yrfdwlrqdo dqg whfkqlfdo ghjuhhv1 Lq d frqwh{w ri vnloo
eldvhg whfkqrorjlfdo fkdqjh/ wklv ihdwxuh ri wkh hgxfdwlrqdo v|vwhp pd|
glvfrxudjh wkh hphujhqfh ri qhz dfwlylwlhv1 Wkhvh idfwruv fdq h{sodlq
zk| wkh uh0hpsor|phqw survshfwv ri zrunhuv zlwk dq xsshu vhfrqgdu|
ghjuhh hyroyh vlploduo| wr wkrvh ri wkh orzhvw hgxfdwhg rqhv lq Zdoorqld
zkloh wkh| hyroyh vlploduo| wr wkrvh ri zrunhuv zlwk kljkhu hgxfdwlrq
lq Iodqghuv1 Dqrwkhu fdxvh ri wkh ghflw ri vnloohg oderxu lq Zdoorqld
lv wkdw wkh vkduh ri xqhpsor|hg zrunhuv frpsohwlqj d wudlqlqj vfkhphFkdswhu 6 44:
l vp x f ko r z h ul qw k l vu h j l r qw k d ql qI o d q g h u v 731 Jlyhq wkh sduwlfxodu
qdwxuh ri wkh gh0lqgxvwuldolvdwlrq vkrfn/ wkh hruw ghyrwhg wr wudlqlqj
vkrxog kdyh ehhq pxfk kljkhu lq Zdoorqld1
Ilqdoo|/ zh pxvw pdnh wzr uhpdunv uhjduglqj wkh lqwhusuhwdwlrq ri vnloo
dqg uhjlrqdo plvpdwfkhv1 Iluvw/ rqh vkrxog eh dzduh wkdw wkh lqfuhdvlqj
glvsdulw| lq wkh mre qglqj udwhv e| vnloo ohyho lv qrw vroho| frpsdwleoh
zlwk d uhodwlyh ghflw ri vnloohg oderxu1 Lq Fkdswhu 7/ zh vkrz wkdw
wkhvh hyroxwlrqv fdq sduwo| uh hfw d pruh lqwhqvh furzglqj rxw ri orzhu
hgxfdwhg zrunhuv e| kljkhu hgxfdwhg rqhv zkhq mrev duh vfdufh1 Vhf0
rqg/ wkh vwurqj glvsdulw| ehwzhhq wkh Zdoorrq surylqfhv dovr lqglfdwhv
wkdw vrph ri wkhp shuirup uhodwlyho| zhoo1 Zlwk d vkliw0vkduh dqdo|vlv/
Wrxohprqgh +5333, vkrzv wkdw ryhu wkh 4<:604<<5 shulrg/ wzr Zdo0
orrq surylqfhv +Ox{hperxuj dqg Eudedqw zdoorq, uhjlvwhuhg rqh ri wkh
ehvw hpsor|phqw shuirupdqfh lq Ehojlxp zkloh rqh Iohplvk surylqfh
+Dqwzhus, zdv shuiruplqj edgo|1 Dffruglqj wr rxu uhvxowv/ wkh djjuh0
jdwh h{lw udwh hvwlpdwhg lq Dqwzhus zdv dfwxdoo| vlplodu wr wkh rqh
hvwlpdwhg lq Ox{hperxuj dqg Eudedqw zdoorq/ lq 4<<61 Krzhyhu/ wkh
uhodwlyh vl}h ri wkhvh surylqfhv lq wkh Zdoorrq oderxu pdunhw lv uhodwlyho|
vpdoo1
618 Vlpxodwhg vwrfn ri xqhpsor|phqw ryhu fdo0
hqgdu wlph
Lq wklv odvw vhfwlrq/ zh vlpxodwh wkh xqhpsor|phqw vwrfn lq Mxqh edvhg
rq wkh suhylrxvo| hvwlpdwhg PSK prgho1 Wkh remhfwlyh ri wklv h{hu0
flvh lv wr ghwhuplqh wkh uhodwlyh lpsruwdqfh ri lqflghqfh dqg gxudwlrq
lq wkh g|qdplfv ri xqhpsor|phqw lq Iodqghuv dqg Zdoorqld1 Wr wkdw
sxusrvh/ zh ghfrpsrvh wkh yduldwlrqv lq wkh vlpxodwhg xqhpsor|phqw
vwrfn lqwr dq lqflghqfh dqg d gxudwlrq hhfw e| wkh dqdo|vlv ri yduldqfh1
Vwuxfwxudo dqg f|folfdo hyroxwlrqv duh vhsdudwho| lqyhvwljdwhg1 Deeulqj
hw do1 +5334e, iroorzv d vlplodu dssurdfk wr ghfrpsrvh wkh f|folfdo yduld0
wlrqv lq wkh X1V1 xqhpsor|phqw udwh lqwr ydulrxv lqflghqfh dqg gxudwlrq
frpsrqhqwv1
Wkh xqhpsor|phqw vwrfn lv fdofxodwhg iurp rxu lq rz gdwd vhw/ l1h1 lw
efWudlqlqj srolflhv duh prvwo| zlwklq wkh frpshwhqfh ri wkh uhjlrqv lq Ehojlxp144; Fkdswhu 6
rqo| dffrxqwv iru hqwudqwv lq wkh prqwk ri Mxqh1 Wkh vlpxodwhg vwrfn
ri xqhpsor|hg zrunhuv dw fdohqgdu wlph o/ x,/ lv wkh vxp ri wkh zrunhuv
hqwhuhg lqwr xqhpsor|phqw dw o dqg ri wkrvh hqwhuhg dw o  n/ ;n 5



















zkhuh N lv wkh qxpehu ri gxudwlrqv dffrxqwhg iru lq wkh vlpxodwhg
vwrfn1 Wkh h{suhvvlrq zklfk frphv diwhu x￿,3& lv vlpso| wkh djjuhjdwh
+pl{wxuh, vxuylydo ixqfwlrq dw wkh hqg ri wkh gxudwlrq lqwhuydo n1
Lq rughu wr ghwhuplqh wkh uhodwlyh uroh ri lqflghqfh dqg gxudwlrq/ zh
vlpxodwh wzr v|qwkhwlf vhulhv ri xqhpsor|phqw1 Hdfk vhulhv lv rewdlqhg
e| {lqj wkh rwkhu frpsrqhqw wr lwv ydoxh dw wkh uvw fdohqgdu wlph
lqwhuydo/ l1h1 dw o @3 1 Wkh vlpxodwhg vwrfn xqghu wkh dvvxpswlrq wkdw
rqo| lqflghqfh ydulhv/ xU￿
, /z u l w h vd vi r o o r z v =
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zkhuh erwk wkh jhqhudo dqg wkh frpsrvlwlrq hhfwv ri wkh fdohqgdu wlph
rq wkh djjuhjdwh kd}dug duh {hg dw wkhlu ydoxh dw o @3 1
Wkh vlpxodwhg vwrfn xqghu wkh dvvxpswlrq wkdw rqo| gxudwlrq ydulhv/
x(L
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zkhuh wkh h{suhvvlrq ehwzhhq eudfnhwv fdq eh lqwhusuhwhg dv wkh dyhudjh
xqhpsor|phqw gxudwlrq +ryhu N gxudwlrq lqwhuydov, dw fdohqgdu wlph o1
Lwv yduldwlrq fdswxuhv erwk wkh jhqhudo dqg wkh frpsrvlwlrq hhfwv ri
wkh fdohqgdu wlph1Fkdswhu 6 44<
Vlqfh zh kdyh dq lq rz gdwd vhw/ vlpxodwlqj wkh vwrfn wdnlqj lqwr df0
frxqw N gxudwlrq lqwhuydov ghfuhdvhv rxu vhulhv e| N vlpxodwhg ydoxhv1
Wklv frxog eldv wkh uhodwlyh vkduh ri vwuxfwxudo dqg f|folfdo hyroxwlrqv
lq wkh wrwdo yduldwlrq ri xqhpsor|phqw1 Iru lqvwdqfh/ wkh qxpehu ri hq0
wudqwv lv lqfuhdvlqj dw udwhv htxdo wr 6=<( dqg 7=9( |hduo| ryhu wkh 4<:50
4<<5 shulrg/ lq Iodqghuv dqg Zdoorqld uhvshfwlyho|/ zkloh wkhvh udwhv duh
rqo| htxdo wr 3=;( dqg 5=6( ryhu wkh 4<:804<<5 shulrg741 Wklv sure0
ohp zrxog mxvwli| wr vlpxodwh wkh xqhpsor|phqw vwrfn iru vkruw whup
xqhpsor|hg zrunhuv rqo| +N @4 ,/ zklfk doorzv iru d ghfrpsrvlwlrq
ryhu wkh 4<:604<<5 shulrg1 Rq wkh rwkhu kdqg/ wkh uroh ri gxudwlrq zloo
eh xqghuhvwlpdwhg e| frqvlghulqj rqo| rqh gxudwlrq lqwhuydo lq wkh xq0
hpsor|phqw vwrfn1 Iru/ yduldwlrqv lq lqflghqfh ohdg wr yduldwlrqv lq wkh
dyhudjh xqhpsor|phqw gxudwlrq zkhq wkh frqglwlrqdo kd}dug h{klelwv
wuxh qhjdwlyh gxudwlrq ghshqghqfh1 E| irfxvlqj rq wkh uvw gxudwlrq
lqwhuydo rqo|/ zh ljqruh wklv uhodwlrqvkls dqg/ dv d uhvxow/ zh ghfuhdvh wkh
yduldelolw| ri gxudwlrq1 Lq rughu wr olplw wkh srwhqwldo eldvhv/ zh ghflgh
wr h{dplqh wkh uhodwlyh lpsruwdqfh ri vwuxfwxudo dqg f|folfdo hyroxwlrqv
edvhg rq wkh vwrfn ri vkruw whup xqhpsor|phqw1 Wkh uhodwlyh uroh ri gx0
udwlrq dqg lqflghqfh lq wkh yduldelolw| ri xqhpsor|phqw lv dqdo|vhg iru d
pruh uhsuhvhqwdwlyh xqhpsor|hg srsxodwlrq1 Lq wkh ehqfkpdun vlpxod0
wlrq/ zh fkrrvh N @6 / zklfk doorzv iru d vlpxodwlrq ri xqhpsor|phqw
ryhu wkh 4<:804<<5 shulrg/ l1h1 ;o 5i 6>7>===53j1 Zh wkhq lqyhvwljdwh
wkh vhqvlwlylw| ri rxu uhvxowv e| lqfoxglqj pruh gxudwlrq lqwhuydov lq wkh
xqhpsor|phqw vwrfn1
Lq rughu wr txdqwli| wkh uhodwlyh lpsruwdqfh ri hdfk frpsrqhqw ri wkh
xqhpsor|phqw vwrfn g|qdplfv/ zh xvh wkh vdph dqdo|vlv ri yduldqfh
wkdq wkh rqh ghyhorshg lq Dsshqgl{ 51 Zh fdofxodwh wkh h{srqhqwldo
w u h q gl qw k hw z rv | q w k h w l fv h u l h v+ xU￿
, / x(L
, , dqg zh dvvxph wkdw wkh
vxp ri wkhvh wuhqgv lv htxdo wr wkh wuhqg lq wkh wrwdo vwrfn +x,,1 Zh wkhq
uhjuhvv wkh gh0wuhqghg orjdulwkp ri wkh wrwdo vwrfn rq wkh gh0wuhqghg orj0
dulwkp ri wkh wzr v|qwkhwlf vhulhv1 Rq wkh edvlv ri wkhvh prgho hvwlpdwhv/
zh fdofxodwh wkh sduw ri wkh wrwdo yduldwlrq lq wkh xqhpsor|phqw vwrfn
wkdw lv dffrxqwhg iru e| d vwuxfwxudo dqg d f|folfdo yduldwlrq1 Hdfk w|sh
ri yduldwlrq lv ghfrpsrvhg lqwr wkh sursruwlrq h{sodlqhg e| dq lqflghqfh
dqg d gxudwlrq hhfw1
e￿Wkhvh udwhv duh wkh vdph zkhwkhu wkh| duh fdofxodwhg rq 
U￿
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F k d q j h vl qx q h p s o r | p h q wd u hg r p l q d w h ge |ds r v l w l y hw u h q gl qZ d o 0
orqld zkloh f|folfdo fkdqjhv dsshdu wr eh uhodwlyho| pruh lpsruwdqw lq
Iodqghuv= 87( ri wkh yduldwlrq lq xqhpsor|phqw lv dffrxqwhg iru e| d
vwuxfwxudo yduldwlrq zkloh wklv vkduh lv rqo| htxdo wr 5:( lq Iodqghuv1
Wklv glhuhqfh lv h{sodlqhg e| d vwurqjhu srvlwlyh wuhqg lq gxudwlrq
dqg lqflghqfh lq Zdoorqld1 Dv uhjdugv wr wkh uhodwlyh uroh ri gxudwlrq
dqg lqflghqfh/ zh vlpxodwh wkh xqhpsor|phqw vwrfn xs wr N @:wr
rewdlq vwdeoh uhvxowv1 Lq Zdoorqld/ 8:( ri fkdqjhv lq xqhpsor|phqw
uhvxowv iurp fkdqjhv lq gxudwlrq75/ zkloh 76( uhvxowv iurp yduldwlrqv lq
lqflghqfh1 Wkh ghfrpsrvlwlrq lv vlplodu lq Iodqghuv= 88( ri wkh wrwdo
yduldelolw| lq xqhpsor|phqw lv gxh wr fkdqjhv lq gxudwlrq76 dqg 78( lq
lqflghqfh1
Vr rxu uhvxowv lqglfdwh wkdw erwk gxudwlrq dqg lqflghqfh pdwwhu lq wkh
y d u l d w l r qr ix q h p s o r | p h q wl qE h o j l x p 1 W k hf r p p r qe h o l h il vw k d w
fkdqjhv lq lqflghqfh lv odujho| luuhohydqw lq Hxursh +vhh/ h1j1/ Od|dug
hw do1 4<<4> Pruwhqvhq dqg Slvvdulghv 4<<<,/ vxfk dv fodlphg e| Exujhvv
dqg Wkxurq +5333/ s15, lq wkhlu fulwltxh rq wkh uhihuuhg dxwkruv1 Rxu
hvwlpdwhg jxuhv duh dfwxdoo| forvh wr wkrvh rewdlqhg e| Deeulqj hw do1
+5334e, iru X1V1 Dgrswlqj d vlplodu ghfrpsrvlwlrq dssurdfk/ wkh| qg
wkdw 8:( ri wkh f|folfdolw| lq wkh X1V1 xqhpsor|phqw udwh lv gxh wr
fkdqjhv lq gxudwlrq dqg 76( wr lqflghqfh1
Wkh uroh ri gxudwlrq ghshqghqfh rq wkh vlpxodwhg vwrfn lv looxvwudwhg
lq Iljxuhv 6146 dqg 6147/ iru Iodqghuv dqg Zdoorqld uhvshfwlyho|1 Wkhvh
Iljxuhv frpsduh wkh wrwdo vwrfn ri xqhpsor|phqw lq Mxqh vxfk dv uh0
sruwhg e| wkh r!fldo vwdwlvwlfv dqg wkh vlpxodwhg vwrfn ri xqhpsor|phqw
iru N @4 / N @6dqg N @: 1
e2Wkh uhodwlyh frqwulexwlrq ri gxudwlrq lv SfI dqg DSI lq wkh vwuxfwxudo dqg f|folfdo
glphqvlrq uhvshfwlyho|1
e￿Wkh uhodwlyh frqwulexwlrq ri gxudwlrq lv DI dqg SbI lq wkh vwuxfwxudo dqg f|folfdo
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Simulated (K=1) Simulated (K=3) Simulated (K=7) Total (right-scale)
Iljxuh 6147= Vwrfn ri xqhpsor|phqw lq Mxqh 0 Zdoorqld455 Fkdswhu 6
Zkhq frqvlghulqj pruh gxudwlrq lqwhuydov/ wkh glyhujhqfh ehwzhhq wkh
vlpxodwhg vwrfn dqg wkh wrwdo vwrfn ghfuhdvhv gxh wr wkh vpdoohu eldv lq
wkh xqhpsor|phqw gxudwlrq1 Hyhq li lw rqo| dffrxqwv iru zrunhuv hqwhuhg
lqwr xqhpsor|phqw lq wkh prqwk ri Mxqh/ wkh vlpxodwhg vwrfn wv wkh
wrwdo vwrfn ri xqhpsor|phqw uhdvrqdeo| zhoo1 Wkhuh lv rqh h{fhswlrq/
lq 4<;9/ zkhuh wkh vlpxodwhg vwrfn lv ghfuhdvlqj zkloh wkh wrwdo vwrfn
lv plogo| lqfuhdvlqj1 Wklv glyhujhqfh frphv iurp d glhuhqw hyroxwlrq
ri wkh Mxqh lq rz dv frpsduhg wr wkh hyroxwlrq ri wkh prqwko| dyhudjh
lq rz/ vxfk dv uhsruwhg e| wkh sxeolf hpsor|phqw djhqf|1 Wkh lq rz
lq Mxqh 4<;9 zdv vxevwdqwldoo| orzhu wkdq wkh prqwko| dyhudjh1
619 Frqfoxvlrq
Lq wklv fkdswhu/ zh lqyhvwljdwhg zkhwkhu wkh glyhujlqj hyroxwlrq lq wkh
xqhpsor|phqw vwrfn lq Iodqghuv dqg Zdoorqld fdq eh h{sodlqhg e| gli0
ihuhqw hyroxwlrqv lq wkhlu dyhudjh xqhpsor|phqw gxudwlrq dqg2ru wkhlu
xqhpsor|phqw lqflghqfh1 Wr wkdw sxusrvh/ zh surfhhghg lq wzr vwdjhv1
Lq wkh uvw vwdjh/ zh hvwlpdwhg d PSK prgho e| uhjlrq/ dqg ghfrp0
srvh yduldwlrqv lq wkh djjuhjdwh rxw rz udwh ryhu fdohqgdu wlph eh0
wzhhq d jhqhudo hhfw dqg d frpsrvlwlrq hhfw1 Zh dovr vshflhg d
qrq0sursruwlrqdo prgho wr fkhfn zkhwkhu wkh jhqhudo hhfw ri wkh fdohq0
gdu wlph zdv wkh vdph iru xqhpsor|hg zrunhuv zlwk glhuhqw vfkrrolqj
ohyhov dqg vxe0uhjlrq ri olylqj/ lq hdfk uhjlrq1 Lq wkh vhfrqg vwdjh/ zh
ghfrpsrvhg yduldwlrqv ri wkh xqhpsor|phqw vwrfn lq Iodqghuv dqg Zdo0
orqld lqwr dq lqflghqfh hhfw dqg wkh gxudwlrq hhfw hvwlpdwhg lq wkh
uvw vwdjh1
Ryhu wkh 4<:604<<6 shulrg/ xqhpsor|phqw lqfuhdvhg pruh pdunhgo| lq
Zdoorqld gxh wr d vwurqjhu wuhqg lq dyhudjh xqhpsor|phqw gxudwlrq dqg/
wr d ohvv h{whqw/ d pruh srvlwlyh wuhqg lq lqflghqfh1 Dv d frqvhtxhqfh/
fkdqjhv lq xqhpsor|phqw duh grplqdwhg e| dq xszdug wuhqg lq Zdo0
orqld zkloh f|folfdo fkdqjhv duh uhodwlyho| pruh lpsruwdqw lq Iodqghuv1
Rxu uhvxowv lqglfdwh wkdw wkh frpsrvlwlrq ri wkh xqhpsor|hg srsxodwlrq
fdqqrw h{sodlq wkh odujhu wuhqg lq wkh dyhudjh xqhpsor|phqw gxudwlrq
lq Zdoorqld1 Rq wkh frqwudu|/ wkh vwuxfwxudo ulvh lq gxudwlrq zrxog kdyh
ehhq kljkhu lq erwk uhjlrqv li wkh dyhudjh txdolw| ri hqwudqwv kdg qrw
l p s u r y h gr y h uw k hs h u l r g 1W k ho d u j h ul q f u h d v hl qw k hd y h u d j hg x u d w l r ql qFkdswhu 6 456
Zdoorqld lv rqo| gxh wr d vwurqjhu wuhqg lq lqglylgxdo gxudwlrqv/ zklfk
lv wzlfh dv odujh dv wkh rqh hvwlpdwhg lq Iodqghuv1
Rq wkh edvlv ri rxu uhvxowv/ zh dovr frqfoxgh wkdw glvhpsor|delolw|
h  h f w v /h y h ql iw k h |s o d |du r o h /f d q q r wh { s o d l qdv w u r q j h uw u h q gl qx q 0
hpsor|phqw gxudwlrq lq Zdoorqld1 Iru/ jhqxlqh qhjdwlyh gxudwlrq gh0
shqghqfh lv ohvv lpsruwdqw lq wklv uhjlrq wkdq lq Iodqghuv1 Lq wkh odwwhu
uhjlrq/ wkh uhodwlyho| odujh ghjuhh ri wuxh qhjdwlyh gxudwlrq ghshqghqfh
frxog sduwo| dffrxqw iru wkh voljkw srvlwlyh wuhqg lq lwv dyhudjh xqhpsor|0
phqw gxudwlrq= Wkh h{lvwhqfh ri glvhpsor|delolw| frxog kdyh vrphzkdw
whpshuhg wkh hpsor|phqw jurzwk lq Iodqghuv ryhu wkh hljkwlhv1
Dffruglqj wr rxu uhvxowv/ wkh ghwhulrudwlrq ri wkh klulqj suredelolw| lq
erwk uhjlrqv uh hfwv glhuhqw hyroxwlrqv dfurvv vnloo jurxsv dqg surylqfhv1
Lq Zdoorqld/ wkh glvsdulw| ehwzhhq h{lw udwhv e| vfkrrolqj ohyho zdv do0
uhdg| lpsruwdqw lq 4<:6/ dqg uhlqirufhg pdunhgo| ryhu wkh zkroh shulrg1
Kdylqj d kljkhu hgxfdwlrq ghjuhh glg qrw udlvh wkh uh0hpsor|phqw udwh
lq 4<:6/ zkloh lw lqfuhdvhg wklv udwh e| 75( lq 4<<61 Wkh glvsdulw| eh0
wzhhq wkh rxw rz udwh e| vfkrrolqj ohyho dovr zlghqhg lq Iodqghuv/ exw
uhpdlqhg dw d orz ohyho dv frpsduhg wr Zdoorqld1 Pruhryhu/ wkh glhu0
hqfh ehwzhhq wkh h{lw udwhv dffruglqj wr wkh surylqfh ri uhvlghqfh urvh
lq Zdoorqld zkloh lw uhgxfhg lq Iodqghuv1 Wkh klulqj survshfwv ri xqhp0
sor|hg zrunhuv olylqj lq Kdlqdxw zhuh wkh zruvw dprqj wkh surylqfhv ri
Zdoorqld lq 4<:6 dqg ghwhulrudwhg vwhdglo| ryhu wkh shulrg1 Rxu qglqjv
wkhuhiruh vxjjhvw wkdw hyhq li frpsrvlwlrq hhfwv fdqqrw dffrxqw iru wkh
vwuxfwxudo gurs lq wkh rxw rz udwh/ wkhuh lv d vfrsh iru oderxu pdunhw
srolflhv dlphg dw vshflf jurxsv ri xqhpsor|hg zrunhuv1
Rxu uhvxowv duh wkhuhiruh frqvlvwhqw zlwk rwkhu Ehojldq vwxglhv +vhh
Elqrq hw do1 4<<;/ Vqhhvvhqv hw do1 4<<<, zklfk fodlp wkdw vwuxfwxudo
lpedodqfhv ehwzhhq vnloo jurxsv dqg vxe0uhjlrqv sod| dq lpsruwdqw uroh
wr h{sodlq wkh ghwhulrudwlrq ri wkh hpsor|phqw survshfwv lq Zdoorqld1
Wzr idfwruv sod| d uroh khuh1 Iluvw/ xqolnh Iodqghuv/ hpsor|phqw orvvhv
zhuh frqfhqwudwhg lq vrph lpsruwdqw vhfwruv dqg surylqfhv lq Zdoorqld/
sduwlfxoduo| wkh vwhho dqg plqlqj lqgxvwu| lq wkh surylqfh ri Kdlqdxw1
Wkh h{whqw ri wkh gh0lqgxvwuldolvdwlrq/ dqg lwv frqfhqwudwlrq lq odujh
duhd/ kdyh fhuwdlqo| kdpshuhg wkh ghyhorsphqw ri surgxfwlyh dfwlylwlhv
lq Zdoorqld1 Dq lqvx!flhqw hruw sxw lqwr hgxfdwlrq dqg wudlqlqj lq
Zdoorqld dovr suhyhqwhg wr surylgh d odujh qxpehu ri glvplvvhg zrunhuv457 Fkdswhu 6
zlwk wkh dssursuldwh vnloov uhtxluhg e| wkh qhz ghyhorslqj dfwlylwlhv1
Wkh f|folfdo qdwxuh ri xqhpsor|phqw lv yhu| vlplodu lq wkh wzr uhjlrqv
ri Ehojlxp dqg lv fkdudfwhulvhg e| d vwurqj frxqwhuf|folfdolw|/ lq zklfk
yduldwlrqv lq xqhpsor|phqw gxudwlrq duh voljkwo| pruh lpsruwdqw1 Lq
erwk uhjlrqv/ wkh f|folfdo yduldelolw| lq gxudwlrq lv gulyhq e| f|folfdo
yduldwlrqv lq wkh lqglylgxdo gxudwlrqv udwkhu wkdq e| frpsrvlwlrq hi0
ihfwv1 Rxu uhvxowv duh wkxv lq olqh zlwk prvw ri wkh vwxglhv edvhg rq
Hxurshdq gdwd/ zklfk frqfoxgh wkdw frpsrvlwlrq hhfwv duh ri plqru
lpsruwdqfh wr dffrxqw iru f|folfdo  xfwxdwlrqv lq wkh djjuhjdwh kd}dug1
Lqglylgxdo gxudwlrqv duh frxqwhuf|folfdo/ wkhlu sdwwhuq ehlqj yhu| vlplodu
lq Iodqghuv dqg lq Zdoorqld ryhu wkh zkroh shulrg1 Hyhq li lwv lpsdfw
rq wkh djjuhjdwh kd}dug lv pdujlqdo/ zh fdq vwdwh wkdw wkh frpsrvlwlrq
ri wkh lq rz lv frxqwhuf|folfdo lq erwk uhjlrqv= Wkh dyhudjh txdolw| ri
hqwudqwv lqwr xqhpsor|phqw lqfuhdvhv gxulqj uhfhvvlrqv dqg idoov lq xs0
wxuqv1 Wklv uhvxow vxjjhvwv wkdw hpsor|huv uh wkh prvw deoh zrunhuv
rqo| li wkh| kdyh qr dowhuqdwlyh/ l1h1 lq d uhfhvvlrq1 Ohvv deoh zrunhuv
d u hp d g hu h g x q g d q wd o ow k hw l p h 1
Rqh lpsruwdqw frqfoxvlrq ri rxu uhvxowv lv dovr wkdw erwk gxudwlrq dqg
lqflghqfh pdwwhu lq wkh +f|folfdo dqg vwuxfwxudo, yduldwlrq ri xqhpsor|0
phqw lq Ehojlxp zkloh wkh frpprq eholhi lv wkdw fkdqjhv lq lqflghqfh
lv odujho| luuhohydqw lq Hxursh1Fkdswhu 6 458
61: Dsshqgl{
61:14 Dsshqgl{ 4= Gdwd fruuhfwlrq
Lq wklv dsshqgl{/ zh ghvfuleh wkh fruuhfwlrq surfhgxuh dssolhg wr wkh
qrq0sdudphwulf rxw rz suredelolwlhv/ e S&,%1 Wkh uhdvrq iru fruuhfwlqj
wkh gdwd uhodwhv wr wkhlu sduwlfxodu ihdwxuh1 Wkh qrq0revhuydelolw| ri
wkh lqglylgxdo vshoov ri xqhpsor|phqw/ dqg wkh frqvhfxwlyh jurxslqj
ri wkh gdwd/ lqgxfhv wzr vrxufhv ri vsxulrxv rxw rzv= +4, Fkdqjhv lq
wlph0ydu|lqj fkdudfwhulvwlfv gxulqj wkh xqhpsor|phqw vshoo dqg +5, whp0
srudu| h{lwv rxw ri xqhpsor|phqw +ri ohvv wkdq wkuhh prqwkv,1 Lq wkh
vhtxho ri wklv dsshqgl{/ zh uvw dvvxph wkh devhqfh ri whpsrudu| h{0
lwv dqg ghulyh wkh dssursuldwh fruuhfwlrq wr e S&,%1 Zh wkhq dqdo|vh wkh
frqvhtxhqfhv ri whpsrudu| h{lwv1 Dq lghqwlfdwlrq sureohp ohdgv xv wr




&, wkh qxpehu ri lqglylgxdov zlwk hqwu| gdwh o dqg fkdudfwhu0
lvwlfv { dw wkh ehjlqqlqj ri gxudwlrq lqwhuydo n/ zkr kdg fkdudfwhulvwlfv |
dw wkh ehjlqqlqj ri gxudwlrq n4/z k h u h{ dqg | duh wzr yhfwruv ri fkdu0






























Wkh wuxh qxpehu ri lqglylgxdov zlwk hqwu| gdwh o dqg fkdudfwhulvwlfv {
dw wkh vwduw ri gxudwlrq lqwhuydo n wkdw ohdyh xqhpsor|phqw gxulqj wklv
lqwhuydo lv jlyhq e|=
h i&,% @ xu%
&,  x%u
&n￿, +d,
Lq rxu gdwd vhw/ zh fdq rqo| frqglwlrq rq wkh fkdudfwhulvwlfv ri wkh
fxuuhqw vwdwh vlqfh zh fdqqrw wudfn lqglylgxdo vshoov wkurxjk wlph1 Lq
rwkhu zrugv zh gr qrw revhuyh x%u
&n￿, exw rqo| xu%
&n￿,1W k h q x p e h u r i
lqglylgxdov zlwk hqwu| gdwh o dqg fkdudfwhulvwlfv { dw wkh vwduw ri gxud0
wlrq lqwhuydo n wkdw ohdyh xqhpsor|phqw gxulqj wklv lqwhuydo lv wkhuhiruh




Wklv dssur{lpdwlrq lv vxemhfw wr wzr vrxufhv ri eldv zklfk fdq srvvleo|
fdqfho rxw1 Iluvw/ dq lqglylgxdo frxqwhg lq xu%
&, fdq pryh iurp { wr
| dw wkh n|￿ gxudwlrq lqwhuydo zlwkrxw  rzlqj rxw ri xqhpsor|phqw1
Lq wkdw fdvh/ wkh qxpehu ri rxw rzv i&,% lqfuhdvhv vsxulrxvo| ri rqh
xqlw +xu%
&n￿, ghfuhdvhv ri rqh xqlw,1 Vhfrqg/ dq lqglylgxdo frxqwhg lq
x
u+
&, fdq pryh iurp | wr { dw wkh n|￿ gxudwlrq lqwhuydo zlwkrxw  rzlqj
rxw ri xqhpsor|phqw1 Wkhq/ wkh qxpehu ri rxw rzv i&,% ghfuhdvhv
vsxulrxvo| ri rqh xqlw +xu%
&n￿, lqfuhdvhv ri rqh xqlw,1 Wkh qxpehu ri
vsxulrxv rxw rzv lq wkh n|￿ gxudwlrq lqwhuydo frqglwlrqdo rq hqwu| gdwh
o dqg fkdudfwhulvwlfv { dw wkh vwduw ri gxudwlrq lqwhuydo n lv jlyhq e|=
i7




























&n￿,, duh wkh qxpehu ri lqglylgxdov wkdw ehfrph
ri w|sh { +uhvs1 |,l qw k hn|￿ gxudwlrq lqwhuydo frqglwlrqdo rq ehlqj ri





&n￿,, ohdgv wr dq xqghuhvwlpdwlrq +uhvs1 ryhuhvwlpdwlrq, ri wkh qrq0
sdudphwulf rxw rz suredelolw|/ a S&,%1
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Ilqdoo| qrwh wkdw zh fdq rqo| xvh revhuydwlrqv zlwk i&,% vxfk wkdw
3  i&,%  xu%
&, wr hqvxuh wkdw 3  e S&,% 
s&,%
￿u%
&,  41 Wklv lpsolhv wkdw





Qrz vxssrvh wkdw frkruwv duh ghqhg vxfk wkdw wkh| duh xqltxh/ l1h1
3  xu%
&,  41L q w k d wf d v h /l ixu%
&n￿, @ x
+%
&n￿, @4+| 9@ {,/ wkhq xu%
&, @3 1
Vlqfh wkh yhfwru { lv xqltxh dqg wkh lqglylgxdo kdg fkdudfwhulvwlfv |
lq lqwhuydo n +x
￿+
&, @4 ,/ wkhuh pxvw eh qrerg| zlwk fkdudfwhulvwlfv { lq
lqwhuydo n1 Li zh lqvhuw wklv lq frqglwlrq +j,/ zh lpphgldwho| vhh wkdw





&n￿, vkrxog ohdg wr dq xqghuhvwlpdwlrq ri wkh qrq0sdudphwulf
rxw rz suredelolw| a S&,% +vhh +f,,1 Krzhyhu/ wklv w|sh ri revhuydwlrq zloo
qhyhu eh frqvlghuhg lq wkh frqvwuxfwlrq ri e S&,% vlqfh lw ylrodwhv frqglwlrq
+j,1
Rq wkh rwkhu kdqg/ li x%￿
&n￿, @ x
%+
&n￿, @4+| 9@ {,/ wkhq xu%
&, @4dqg




Lq wkdw fdvh/ xu%
&n￿, @3vlqfh wkh yhfwru { lv xqltxh1
Frqvhtxhqwo|/ zkhq revhuydwlrqv ylrodwlqj +j, duh vxssuhvvhg dqg fr0
kruwv duh xqltxh/ vsxulrxv rxw rzv dozd|v ohdgv wr dq ryhuhvwlpdwlrq ri







&n￿,  3 +m,
Xqghu wkh dvvxpswlrq ri xqltxhqhvv/ wkh qxpehu ri vsxulrxv rxw rzv













zkhuh wkh odvw htxdolw| iroorzv iurp +h,1 Wkh qxpehu ri vsxulrxv rxw rzv
lv vlpso| wkh qxpehu ri wudqvlwlrqv lq frkruw o dw lqwhuydo n iurp vrph |
wr { +| 9@ {,1 Wklv jxuh lv nqrzq e| rxu dvvxpswlrq= Lw lv wkh qxpehu






&n￿, iru doo revhuydwlrqv v1w1 xu%
&, ?x u%
&n￿, +o,
Zh qrz dvvxph wkdw wkh qxpehu ri vsxulrxv h{lwv lq frkruw +o>{,g x u l q j












Wklv dvvxpswlrq ri sursruwlrqdolw| lv duelwudu|1 Lpdjlqh iru h{dpsoh
wkdw d pdmrulw| ri fkdqjhv rffxu doprvw v|vwhpdwlfdoo| ehwzhhq wzr
ohyhov ri hgxfdwlrq1 Lq wkdw fdvh/ wkh sursruwlrqdo irup +p, zrxog fohduo|
ohdg wr odujh eldvhv lq wkh hvwlpdwh ri wkh wuxh i7
&,%1 Zh kdyh krzhyhu qr
uhdvrq wr wklqn wkdw fkdqjhv iroorz v|vwhpdwlf sdwwhuqv1 Lq sduwlfxodu/
zh nqrz wkdw wkh| fdqqrw eh dwwulexwhg prvwo| wr rqh yduldeoh1 Wkh
sursruwlrqdolw| dvvxpswlrq dsshduv dv wkh ehvw dowhuqdwlyh jlyhq wkh
odfn ri ehwwhu lqirupdwlrq1





￿no= vlqfh zh qhhg rqo| fruuhfw zkhq wkhuh duh hhfwlyho| wudqvlwlrqv
lq %1Fkdswhu 6 45<






















Li vrph frkruwv duh qrw xqltxh/ vsxulrxv rxw rzv pd| ohdg wr dq xq0
ghuhvwlpdwlrq ri wkh rxw rzv +x
+%
&n￿, A 3 zlwk frqglwlrq +j, qrw ylrodwhg,
dqg i7
&,￿ lq +o, zloo qrw jlyh +dv d frqvhtxhqfh, doo wkh wudqvlwlrqv lq fr0
kruw o dw lqwhuydo n iurp vrph | wr { +| 9@ {,1 Krzhyhu/ zh zloo dvvxph
wkdw li x
+%
&n￿, A 3/ frqglwlrq +j, lv dozd|v ylrodwhg1 Zh eholhyh wkdw wklv
dvvxpswlrq lv mxvwlhg vlqfh d odujh pdmrulw| ri wkh frkruwv duh xqltxh
lq rxu gdwd vhw +<6( dw wkh hqwu| lqwr xqhpsor|phqw,1
Ghsduwlqj iurp wkh xqltxhqhvv dvvxpswlrq uhtxluhv krzhyhu wr dgdsw















&n￿, A 3/ xu%






L qE h o j l x p /x q h p s o r | h gs h r s o hz k rh { l wx q h p s o r | p h q wi r uds h u l r gr i
ohvv wkdq wkuhh prqwkv nhhs wkh vdph vwduwlqj gdwh ri wkhlu xqhpsor|0
phqw vshoo dw wkhlu uhwxuq1 Wkh sxusrvh ri wklv uxoh lv wr pdlqwdlq iru wkh
xqhpsor|hg shuvrq wkh uljkw wr ehqhw iurp phdvxuhv zklfk duh frqgl0
wlrqdo wr d jlyhq hodsvhg gxudwlrq lqwr xqhpsor|phqw781 Jlyhq wkdw wkh
fhqvxv ri wkh xqhpsor|hg zrunhuv rffxuv rq Mxqh 63/ lw kdsshqv wkdw
vrph xqhpsor|hg duh qrw frxqwhg dw d jlyhq |hdu ehfdxvh wkh| duh lq
d wudlqlqj vfkhph ru kdyh d whpsrudu| mre wkdw gd|1 Krzhyhu wkh| duh
vwloo xqhpsor|hg dqg frxqwhg dv vxfk lq d iroorzlqj fhqvxv1
Whpsrudu| h{lwv lqwurgxfh dq dgglwlrqdo eldv lq rxu phdvxuh ri wkh
qxpehu ri lqglylgxdov lq frkruw +o>{, wkdw ohdyh xqhpsor|phqw gxulqj
eDOlnh wkh uljkw wr sduwlflsdwh wr dfwlyh mre0vhdufk zrunvkrs/ yrfdwlrqdo wudlqlqj
dqg lq0ghswk shuvrqdo frxqvholqj1463 Fkdswhu 6
wkh n gxudwlrq lqwhuydo/ i&,% j l y h ql q+ e , 1L id ql q g l y l g x d of r x q w h gl qx￿%
&,
h{lwv xqhpsor|phqw whpsrudulo| durxqg wkh vwduw ri wkh n .4gxudwlrq
lqwhuydo dqg uhwxuqv zlwklq wkh qh{w wkuhh prqwkv/ wkhq wkh qxpehu ri
rxw rzv i&,% lqfuhdvhv vsxulrxvo| zlwk rqh xqlw +vlqfh x￿%
&n￿, vsxulrxvo|
ghfuhdvhv ri rqh xqlw,1 Rq wkh rwkhu kdqg/ li dq lqglylgxdo frxqwhg lq
x￿%
&n￿, zdv whpsrudulo| rxw ri xqhpsor|phqw durxqg wkh vwduw ri wkh n
gxudwlrq lqwhuydo dqg uhwxuqhg zlwklq wkh qh{w wkuhh prqwkv/ wkh qxpehu
ri rxw rzv i&,% lqfuhdvhv vsxulrxvo| zlwk rqh xqlw +vlqfh xu%
&, vsxulrxvo|
lqfuhdvhg zlwk rqh xqlw,1
Vxssrvh djdlq wkdw frkruwv duh ghqhg vxfk wkdw wkh| duh xqltxh/ l1h1
3  xu%
&,  41 Lq wkdw fdvh/ d whpsrudu| h{lw durxqg wkh n .4gxudwlrq
lqwhuydo dozd|v lqgxfhv dq ryhuhvwlpdwlrq ri wkh rxw rzv dw wkh n|￿ lqwhu0
ydo= xu%
&, @4dqg xu%
&n￿, @3 1 Lq rwkhu uhvshfwv/ d whpsrudu| h{lw durxqg
wkh n gxudwlrq lqwhuydo iroorzhg e| d vx!flhqwo| orqj xqhpsor|phqw
vshoo dozd|v ohdgv wr d ylrodwlrq ri frqglwlrq +j,= xu%
&, @3dqg xu%
&n￿, @4 1
Zh fdq wkhuhiruh lghqwli| zklfk xu%
&, @3fruuhvsrqgv wr d whpsrudu| h{lw
dqg fruuhfw dssursuldwho| iru lw1 Ri frxuvh/ li dq lqglylgxdo uhdoo|  rzv
rxw ri xqhpsor|phqw gxulqj wkh |hdu wkdw iroorzv klv whpsrudu| h{lw/
zh zloo qrw eh deoh wr vsrw wklv whpsrudu| h{lw vlqfh frqglwlrq +j, lv qrw
ylrodwhg1
Irupdoo|/ li frqglwlrq +j, lv ylrodwhg dw wkh n gxudwlrq lqwhuydo dqg wkh
iroorzlqj frqglwlrq krogv vlpxowdqhrxvo|=
<m 5i 4>===>n  4jmxu%
￿, @4 +s,
wkhq xu%
&, @3lv d whpsrudu| h{lw1 Li m?n  4/ wkh lqglylgxdo zdv
whpsrudu| rxw ri xqhpsor|phqw rq Mxqh 63 vhyhudo |hduv frqvhfxwlyho|/
dqg doo xu%
￿, @3zlwk l 5i m .4 >===>n 4j duh whpsrudu| h{lwv1 Qrwlfh
wkdw xqghu wkh xqltxhqhvv dvvxpswlrq/ wkh sureohp ri whpsrudu| h{lwv
glhuv iurp wkh rqh ri fkdqjlqj yduldeohv e| frqglwlrq +s,1 Iru/ wklv
frqglwlrq lv qhyhu vdwlvhg zkhq frqglwlrq +j, lv ylrodwhg lq wkh odwwhu
fdvh1 Zh vlpso| fruuhfw wkh lghqwlhg vsxulrxv ulvn vhwv e| vhwwlqj wkhp
wr 41 Wklv fruuhfwlrq lv grqh lq wkh uvw sodfh1 Zh wkhq fdofxodwh wkh
qxpehu ri vsxulrxv rxw rzv gxh wr fkdqjlqj fkdudfwhulvwlfv +vhh +o,, dqg
dsso| wkh fruuhfwlrq +q, wr wkh qrq0sdudphwulf rxw rz suredelolw|/ e S&,%/
e| vxssuhvvlqj ehiruhkdqg revhuydwlrqv zklfk ylrodwh +j,1Fkdswhu 6 464
Zkhq vrph frkruwv duh qrw xqltxh/ whpsrudu| h{lwv duh revhuydwlrq0
doo| htxlydohqw wr d sureohp ri fkdqjlqj fkdudfwhulvwlfv1 Qrwlfh uvw
wkhq wkdw ghsduwlqj iurp wkh xqltxhqhvv dvvxpswlrq uhtxluhv wr dgdsw
frqglwlrq +s, wr wkh fdvh ri vhyhudo lqglylgxdov shu frkruw=
<m 5i 4>===>n  4jmxu%
￿, Ax ￿%
&, +t,
D ylrodwlrq ri frqglwlrq +j, dw wkh n gxudwlrq lqwhuydo wrjhwkhu zlwk
frqglwlrq +t, vdwlvhg duh qrz qhfhvvdu| wr kdyh d fdvh ri whpsrudu|
h{lw+v,1 Li zh qhjohfw wkh sureohp ri fkdqjlqj yduldeohv/ wkh fruuhfwlrq
surfhgxuh lv wkh iroorzlqj1 Iluvw vhohfw wkh odujhvw m vxfk wkdw frqglwlrq
+t, lv vdwlvhg1 Wkh qxpehu x￿%
￿, x￿%
&, lv wkhq wkh qxpehu ri lqglylgxdov













1L im?n 4/ wkh lqglylgxdo+v,
zdv +zhuh, whpsrudu| rxw ri xqhpsor|phqw rq Mxqh 63 vhyhudo |hduv
frqvhfxwlyho|/ dqg zh fruuhfw doo ulvn vhwv xu%












1 Wklv surfhgxuh kdv
wr eh uhshdwhg xqwlo lw lv qr pruh srvvleoh wr qg d m vxfk wkdw frqglwlrq
+t, lv vdwlvhg1 Doo wkh whpsrudu| h{lwv rq Mxqh 63 iurp wkh frqvhfxwlyh
xqhpsor|phqw fhqvxvhv duh wkhq fruuhfwhg1
Krzhyhu/ d ylrodwlrq ri frqglwlrq +j, dorqjvlgh zlwk frqglwlrq +t, ixo0
oohg fdq eh qrz eh lqwhusuhwhg dv iroorzv= Dq lqglylgxdo hqwhuhg lqwr
xqhpsor|phqw dw o pryhv iurp | wr { lq wkh n|￿ gxudwlrq lqwhuydo zkloh
wkhuh zdv dqrwkhu lqglylgxdo lq frkruw +o>{, dw vrph gxudwlrq m?nzkr
 rzv rxw ri xqhpsor|phqw vlqfh wkhq1 Krzhyhu/ zh zloo dvvxph wkdw
li frqglwlrq +j, lv ylrodwhg dqg frqglwlrq +t, vdwlvhg/ zh kdyh d fdvh
ri whpsrudu| h{lw1 Zh eholhyh wkdw wklv dvvxpswlrq lv mxvwlhg iru wkh
iroorzlqj uhdvrq1 Vlqfh d odujh pdmrulw| ri wkh frkruwv duh xqltxh lq rxu
gdwd vhw +<6( dw hqwu|,/ prvw ri wkh vsxulrxv rxw rzv gxh wr fkdqjlqj
fkdudfwhulvwlfv zloo eh slfnhg rxw lq frkruwv zkhuh erwk frqglwlrqv +j,
dqg +s, duh ylrodwhg1 Lq rxu gdwd vhw/ wklv frqfhuqv :( ri wkh wrwdo
qxpehu ri frkruwv +dqg wkh vdph vkduh ri wkh wrwdo qxpehu ri hqwudqwv,1
Dqg iurp suholplqdu| dqdo|vlv rq wkh gdwd edvh/ zh dssur{lpdwh wkh
qxpehu ri lqglylgxdov zlwk fkdqjlqj yduldeohv wr durxqg ;( ri wkh wrwdo
qxpehu ri hqwudqwv1 Lq rwkhu uhvshfwv/ durxqg 6( ri wkh wrwdo qxpehu ri
frkruwv vdwlvhv wkh frqglwlrqv uhtxluhg wr slfn rxw whpsrudu| h{lwv1 Zh465 Fkdswhu 6
wklqn wkdw wklv qxpehu lv wrr kljk wr eh/ lq d odujh pdmrulw|/ dwwulexwhg
wr d sureohp ri wlph0ydu|lqj fkdudfwhulvwlfv1
Zh wkhuhiruh fruuhfw wkh vsxulrxv ulvn vhwv zklfk fdq eh dwwulexwhg wr
whpsrudu| h{lwv lq wkh zd| h{sodlqhg vxsud1 Wklv fruuhfwlrq lv grqh
lq wkh uvw sodfh1 Zh wkhq fdofxodwh wkh qxpehu ri vsxulrxv rxw rzv
gxh wr fkdqjlqj fkdudfwhulvwlfv +vhh +r,, dqg dsso| wkh fruuhfwlrq +q, wr
wkh qrq0sdudphwulf rxw rz suredelolw|/ e S&,%/ e| vxssuhvvlqj ehiruhkdqg
revhuydwlrqv zklfk ylrodwh +j,1 Dv d vhqvlwlylw| dqdo|vlv/ zh frqvwuxfw
dqrwkhu gdwd vhw lq zklfk zh dvvxph wkh devhqfh ri whpsrudu| h{lwv1
Wklv phdqv wkdw zh frqvlghu wkh 6( ri wkh wrwdo qxpehu ri frkruwv wkdw
ylrodwhv frqglwlrqv +j, dqg vdwlvhv +t, dv fdvhv ri wlph0ydu|lqj fkdudf0
whulvwlfv1 Vr zh rqo| iroorz wkh fruuhfwlrq surfhgxuh ri wkh uvw vhfwlrq ri
wklv dsshqgl{1 Zh hvwlpdwh wkh pl{hg sursruwlrqdo kd}dug prgho +6147,
edvhg rq wkhvh wzr dowhuqdwlyh gdwd vhwv1 Wkh <8(0frqghqfh lqwhuydov
ri wkh hvwlpdwhg sdudphwhuv lq wkh wzr prghov ryhuods1 Iru wkh uhdvrq
rxwolqhg deryh/ zh fkrrvh wr xvh wkh uvw gdwd vhw1Fkdswhu 6 466
61:15 Dsshqgl{ 5= Yduldqfh ghfrpsrvlwlrq
Lq wklv dsshqgl{/ zh ghulyh wkh sduw ri wkh wrwdo yduldwlrq lq wkh djjuh0
jdwh kd}dug/  k￿, lq +6153,/ wkdw lv dffrxqwhg iru e| d vwuxfwxudo dqg
d f|folfdo yduldwlrq1 Hdfk w|sh ri yduldwlrq lv ghfrpsrvhg lqwr wkh
sduw h{sodlqhg e| d jhqhudo hhfw/ dq revhuyhg dqg xqrevhuyhg frpsr0

















wkhq uhjuhvv wkh gh0wuhqghg orjdulwkp ri wkh djjuhjdwh kd}dug rq wkh
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zlwk h￿, @ {￿,  a ￿o> h2, @ {2,  a 2o> h￿, @ {￿,  a ￿o> a e @ a ￿ . a 2 . a ￿
zkhuh  o l vw k hd y h u d j hy d o x hr io1 Lq wklv uhjuhvvlrq/ zh dvvxph wkdw
wkh vxp ri wkh h{srqhqwldo wuhqgv lq wkh v|qwkhwlf vhulhv lv htxdo wr wkh
h{srqhqwldo wuhqg lq wkh djjuhjdwh kd}dug1 Wkh wrwdo yduldwlrq lq wkh
djjuhjdwh kd}dug wkhq ghfrpsrvhv dv iroorzv=
[
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F|foh467 Fkdswhu 6
zkhuh Wuhqg dqg F|foh uhihu wr wkh sduw ri wkh wrwdo yduldwlrq lq |,
wkdw lv dffrxqwhg iru d vwuxfwxudo dqg d f|folfdo hyroxwlrq uhvshfwlyho|/
dqg zkhuh J/ RF dqg XF uhihu wr wkh sduw h{sodlqhg e| wkh jhqhudo/
revhuyhg frpsrvlwlrq dqg xqrevhuyhg frpsrvlwlrq hhfwv lq hdfk w|sh ri
hyroxwlrq1 Wkh wrwdo yduldwlrq ri |, lq wkh vwuxfwxudo dqg f|folfdo glphq0
v l r q vl vv l p s o |w k hv x pr iJ/ RF dqg XF lq hdfk ri wkhvh glphqvlrqv1
Wkh udwlr ehwzhhq hdfk frpsrqhqw dqg lwv fruuhvsrqglqj wrwdo yduld0
wlrq phdvxuhv wkh sursruwlrq ri wkh yduldqfh lq wkh djjuhjdwh kd}dug
dffrxqwhg iru hdfk frpsrqhqw1
Vrph frpsrqhqwv ri wkh yduldqfh ri |, frxog/ krzhyhu/ eh qhjdwlyh/
uh hfwlqj hlwkhu d qhjdwlyh hvwlpdwhg sdudphwhu +a ￿, lq wkh wuhqg gh0
frpsrvlwlrq ru d qhjdwlyh fryduldqfh ehwzhhq wzr hhfwv lq wkh wuhqg
ru f|folfdo ghfrpsrvlwlrq1 Lqwxlwlyho|/ d qhjdwlyh +uhvs1 srvlwlyh, frydul0
dqfh ehwzhhq wzr frpsrqhqwv uhgxfhv +uhvs1 dpsolhv, wkh yduldelolw|
lq wkh djjuhjdwh kd}dug vlqfh erwk frpsrqhqwv pryhv lq wkh rssrvlwh
+uhvs1 vdph, gluhfwlrq1 Li rqh sduw ri wkh yduldqfh ri |, lv qhjdwlyh/ zh
dvvxph wkdw wkh wrwdo yduldelolw| lq |, lv d zhljkwhg vxp ri hdfk ri lwv
frpsrqhqwv/ lq zklfk wkh zhljkwv vxp wr rqh1 Wkhvh zhljkwv phdvxuh
wkh sursruwlrq ri wkh yduldqfh ri |, dffrxqwhg iru e| hdfk frpsrqhqw1Fkdswhu 6 468
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Iljxuh 6156= Revhuyhg frpsrvlwlrq hhfw ryhu wkh f|foh 0 Zdoorqld473 Fkdswhu 6
61:17 Dsshqgl{ 7= Hvwlpdwlrq uhvxowv
W d e o h6 1 : =K d } d u gp r g h oh v w l p d w h v0P l { h gS u r s r u w l r q d oK d } d u gP r g h o
Variables Flanders SD Wallonia SD
Constant term
* 3.42 0.16 2.25 0.18
1. Covariate effects
Age (in months - log) -0.87 0.04 -0.64 0.05
Education
Junior high school 0.22 0.02 0.27 0.02
Completed high school 0.31 0.02 0.43 0.03










Sector of previous employment
Agriculture 0.41 0.06 0.18 0.08
Iron-steel industry and mining 0.13 0.06 -0.14 0.06
Metal manufacture 0.08 0.04 0.07 0.05
Manufacture of non-metallic products 0.01 0.07 -0.16 0.08
Manufacture of consumption and investment goods 0.07 0.04 0.01 0.06
Other industries 0.18 0.06 0.06 0.09
Energy and water production -0.12 0.12 -0.11 0.13
Building 0.12 0.04 0.14 0.05
Private services 0.19 0.04 0.24 0.05
Public services 0.02 0.04 0.04 0.05
Others 0.20 0.06 0.52 0.07
No previous employment 0.14 0.05 0.05 0.07
Qrwh= Lq erog/ hvwlpdwhv qrw vljqlfdqwo| glhuhqw iurp }hur dw 8(1
- Uhihuhqfh lqglylgxdo lq Iodqghuv +uhvs1 Zdoorqld,= Hohphqwdu| vfkrro/
Yoddpv0Eudedqw +uhvs1 Eudedqw zdoorq,/ Fkhplfdo lqgxvwu|/ y @4 1
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 6 474
Wdeoh 61:= +Frqwlqxhg,
2. Calendar time at outflow
a1 -0.42 0.02 -0.70 0.03
a2 0.49 0.02 0.46 0.02
a3 -0.23 0.01 -0.12 0.02
a4 -0.08 0.01 -0.10 0.02
a5 -0.01 0.01 -0.07 0.01
a6 0.12 0.01 0.00 0.01
a7 0.03 0.01 0.11 0.01
a8 -0.11 0.01 -0.05 0.01
a9 0.06 0.01 0.02 0.01
a10 -0.04 0.02 -0.03 0.02
a11 -0.02 0.01 -0.06 0.01
a12 -0.13 0.01 -0.08 0.01
3. Duration (in years)
2    (g2-c) -0.50 0.03 -0.30 0.03
3    (g3-c) -0.82 0.04 -0.67 0.05
   4    (g4-c)
** -1.18 0.05 -1.05 0.06
4. Variance of the Gamma at l=0
hc -1.84 0.14 -1.73 0.16
s
2
0=exp(hc) 0.16 0.02 0.18 0.03
5. Calendar time at inflow
h1 0.20 0.04 0.35 0.05
Number of estimated parameters 38 38
Number of observations 63793 45987
Weighted sum of squared residuals 52089.6 35944.5
Adjusted number of parameters (after regrouping) 22 22
Adjusted number of observations (after regrouping) 420 420
Adjusted weighted sum of squared residuals (after regrouping) 541.66 544.76
P-value of the goodness-of-fit test 0.00 0.00
-- 2￿ @ === @ e475 Fkdswhu 6
Wdeoh 61;= Kd}dug prgho hvwlpdwhv 0 Pl{hg Qrq0Sursruwlrqdo Kd}dug
Prgho 0 Iodqghuv
Variables Benchmark SD Restrictions SD
Constant term
* 3.46 0.16 3.46 0.16
1. Covariate effects (time dependent)
Age (in months - log) -0.88 0.04 -0.88 0.04
Education
Elementary school
b1 -0.36 0.08 -0.44 0.03
b2 0.52 0.03 0.49 0.02
b3 -0.23 0.02 -0.23 0.01
b4 -0.08 0.02 -0.08 0.01
b5 -0.02 0.01 -0.01 0.01
b6 0.13 0.01 0.12 0.01
b7 0.05 0.01 0.03 0.01
b8 -0.10 0.02 -0.11 0.01
b9 0.08 0.02 0.06 0.01
b10 -0.05 0.02 -0.04 0.02
b11 -0.02 0.02 -0.02 0.01
b12 -0.15 0.02 -0.13 0.01
Junior high school
b0 0.19 0.03 0.23 0.02
b1 -0.30 0.09 -0.44 0.03
b2 0.45 0.05 0.49 0.02
b3 -0.19 0.03 -0.23 0.01
b4 -0.08 0.03 -0.08 0.01
b5 0.00 0.03 -0.01 0.01
b6 0.10 0.03 0.12 0.01
b7 0.02 0.03 0.03 0.01
b8 -0.12 0.03 -0.11 0.01
b9 0.02 0.03 0.06 0.01
b10 -0.02 0.04 -0.04 0.02
b11 -0.05 0.03 -0.02 0.01
b12 -0.10 0.03 -0.13 0.01
Qrwh= Lq erog/ hvwlpdwhv qrw vljqlfdqwo| glhuhqw iurp }hur dw 8(1
Lq juh|/ uhvwulfwhg sdudphwhuv1
- Uhihuhqfh lqglylgxdo= Hohphqwdu| vfkrro/ Yoddpv0Eudedqw/ Fkhplfdo
lqgxvwu|/ y @4 =
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 6 476
Wdeoh 61;= +Frqwlqxhg,
Completed high school
b0 0.27 0.05 0.29 0.02
b1 -0.29 0.11 -0.33 0.03
b2 0.45 0.07 0.49 0.02
b3 -0.24 0.05 -0.23 0.01
b4 -0.07 0.05 -0.08 0.01
b5 0.01 0.04 -0.01 0.01
b6 0.03 0.04 0.12 0.01
b7 0.10 0.04 0.03 0.01
b8 -0.20 0.05 -0.11 0.01
b9 0.10 0.05 0.06 0.01
b10 -0.03 0.05 -0.04 0.02
b11 -0.01 0.04 -0.02 0.01
b12 -0.09 0.04 -0.13 0.01
Higher education
b0 0.30 0.04 0.35 0.02
b1 -0.18 0.10 -0.33 0.03
b2 0.44 0.06 0.49 0.02
b3 -0.24 0.05 -0.23 0.01
b4 -0.08 0.05 -0.08 0.01
b5 -0.01 0.04 -0.01 0.01
b6 0.14 0.04 0.12 0.01
b7 -0.02 0.04 0.03 0.01
b8 -0.04 0.04 -0.11 0.01
b9 0.03 0.04 0.06 0.01
b10 -0.02 0.04 -0.04 0.02
b11 -0.01 0.03 -0.02 0.01
b12 -0.11 0.04 -0.13 0.01
Sub-region of living
Antwerpen (b0) -0.05 0.02 -0.06 0.02
(b’1-b1) -0.15 0.04 -0.12 0.03
Limburg (b0) -0.22 0.02 -0.23 0.02
(b’1-b1) 0.15 0.04 0.23 0.03
Oost-Vlaanderen (b0) -0.11 0.02 -0.12 0.02
(b’1-b1) -0.07 0.04 0.00
West-Vlaanderen (b0) 0.05 0.02 0.04 0.02
(b’1-b1) -0.04 0.04 0.00
+Wdeoh frqwlqxhg rq qh{w sdjh,477 Fkdswhu 6
Wdeoh 61;= +Frqwlqxhg,
Sector of previous employment
Agriculture (b0) 0.42 0.06 0.41 0.06
(b’1-b1) -0.05 0.10 0.00
Iron-steel industry and mining (b0) 0.01 0.06 0.10 0.06
(b’1-b1) 0.29 0.11 0.00
Metal manufacture (b0) 0.09 0.04 0.08 0.04
(b’1-b1) -0.04 0.07 0.00
Manufacture of non-metallic products (b0) 0.01 0.07 0.00 0.07
(b’1-b1) -0.20 0.13 0.00
Manufacture of consumption and investment goods (b0) 0.08 0.04 0.07 0.04
(b’1-b1) -0.05 0.07 0.00
Other industries (b0) 0.15 0.06 0.15 0.06
(b’1-b1) -0.32 0.11 0.00
Energy and water production (b0) -0.12 0.12 -0.13 0.12
(b’1-b1) -0.04 0.07 0.00
Building (b0) 0.13 0.04 0.12 0.04
(b’1-b1) -0.07 0.07 0.00
Private services (b0) 0.20 0.04 0.19 0.04
(b’1-b1) -0.06 0.07 0.00
Public services (b0) 0.02 0.04 0.02 0.04
(b’1-b1) -0.04 0.07 0.00
Others (b0) 0.20 0.06 0.21 0.06
(b’1-b1) 0.01 0.11 0.00
No previous employment (b0) 0.14 0.06 0.13 0.05
(b’1-b1) -0.06 0.10 0.00
2. Duration (in years)
2    (g2-c) -0.49 0.03 -0.49 0.03
3    (g3-c) -0.81 0.04 -0.81 0.04
   4    (g4-c)
** -1.15 0.06 -1.16 0.05
3. Variance of the Gamma at l=0
hc -1.81 0.14 -1.83 0.14
s
2
0=exp(hc) 0.16 0.02 0.16 0.02
4. Calendar time at inflow
h1 0.20 0.04 0.20 0.04
Number of estimated parameters 89 41
Number of observations 63793 45987
Weighted sum of squared residuals 51821.0 51988.8
Adjusted number of parameters (after regrouping) 62 25
Adjusted number of observations (after regrouping) 420 420
Adjusted weighted sum of squared residuals (after regrouping) 425.67 472.39
P-value of the goodness-of-fit test 0.008 0.004
P-value of the restrictions test 0.13
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Wdeoh 61<= Kd}dug prgho hvwlpdwhv 0 Pl{hg Qrq0Sursruwlrqdo Kd}dug
Prgho 0 Zdoorqld
Variables Benchmark SD Restrictions SD
Constant term
* 2.25 0.18 2.27 0.18
1. Covariate effects (time dependent)
Age (in months - log) -0.64 0.05 -0.65 0.05
Education
Elementary school
b1 -0.57 0.10 -0.68 0.04
b2 0.47 0.03 0.45 0.02
b3 -0.11 0.02 -0.12 0.02
b4 -0.07 0.02 -0.10 0.02
b5 -0.07 0.02 -0.07 0.01
b6 0.03 0.02 0.00 0.01
b7 0.11 0.02 0.11 0.01
b8 -0.08 0.02 -0.05 0.01
b9 0.01 0.02 0.02 0.01
b10 -0.02 0.02 -0.03 0.02
b11 -0.07 0.02 -0.06 0.01
b12 -0.08 0.02 -0.07 0.01
Junior high school
b0 0.26 0.04 0.27 0.02
b1 -0.57 0.11 -0.68 0.04
b2 0.42 0.05 0.45 0.02
b3 -0.10 0.04 -0.12 0.02
b4 -0.12 0.04 -0.10 0.02
b5 -0.05 0.03 -0.07 0.01
b6 -0.02 0.03 0.00 0.01
b7 0.13 0.03 0.11 0.01
b8 -0.06 0.03 -0.05 0.01
b9 -0.01 0.03 0.02 0.01
b10 -0.04 0.04 -0.03 0.02
b11 -0.09 0.03 -0.06 0.01
b12 -0.07 0.03 -0.07 0.01
Qrwh= Lq erog/ hvwlpdwhv qrw vljqlfdqwo| glhuhqw iurp }hur dw 8(1
Lq juh|/ uhvwulfwhg sdudphwhuv1
- Uhihuhqfh lqglylgxdo= Hohphqwdu| vfkrro/ Eudedqw zdoorq/ Fkhplfdo
lqgxvwu|/ y @4 =
+Wdeoh frqwlqxhg rq qh{w sdjh,479 Fkdswhu 6
Wdeoh 61<= +Frqwlqxhg,
Completed high school
b0 0.41 0.05 0.44 0.03
b1 -0.60 0.12 -0.68 0.04
b2 0.41 0.07 0.45 0.02
b3 -0.15 0.06 -0.12 0.02
b4 -0.09 0.05 -0.10 0.02
b5 -0.08 0.04 -0.07 0.01
b6 -0.05 0.04 0.00 0.01
b7 0.12 0.04 0.11 0.01
b8 0.00 0.05 -0.05 0.01
b9 0.02 0.05 0.02 0.01
b10 0.00 0.06 -0.03 0.02
b11 -0.03 0.04 -0.06 0.01
b12 -0.05 0.04 -0.07 0.01
Higher education
b0 0.62 0.05 0.61 0.03
b1 -0.42 0.13 -0.50 0.04
b2 0.46 0.08 0.45 0.02
b3 -0.08 0.06 -0.12 0.02
b4 -0.19 0.05 -0.10 0.02
b5 -0.01 0.04 -0.07 0.01
b6 -0.05 0.04 0.00 0.01
b7 0.11 0.04 0.11 0.01
b8 0.01 0.05 -0.05 0.01
b9 0.09 0.05 0.02 0.01
b10 -0.08 0.06 -0.03 0.02
b11 -0.04 0.04 -0.06 0.01
b12 -0.12 0.04 -0.07 0.01
Sub-region of living
Liège (b0) -0.17 0.03 -0.19 0.03
(b'1-b1) -0.06 0.05 0.00
Luxembourg (b0) 0.00 0.04 0.02 0.04
(b'1-b1) 0.08 0.08 0.00
Namur (b0) -0.09 0.04 -0.09 0.03
(b'1-b1) -0.13 0.06 -0.10 0.04
Hainaut (b0) -0.26 0.03 -0.27 0.03
(b'1-b1) -0.11 0.05 -0.07 0.03
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Wdeoh 61<= +Frqwlqxhg,
Sector of previous employment
Agriculture (b0) 0.21 0.09 0.18 0.08
(b’1-b1) -0.13 0.14 0.00
Iron-steel industry and mining (b0) -0.12 0.06 -0.14 0.06
(b’1-b1) -0.09 0.11 0.00
Metal manufacture (b0) 0.10 0.06 0.07 0.05
(b’1-b1) -0.13 0.09 0.00
Manufacture of non-metallic products (b0) -0.15 0.08 -0.16 0.08
(b’1-b1) 0.01 0.13 0.00
Manufacture of consumption and investment goods (b0) 0.03 0.06 0.01 0.06
(b’1-b1) -0.08 0.10 0.00
Other industries (b0) 0.09 0.09 0.06 0.09
(b’1-b1) -0.18 0.15 0.00
Energy and water production (b0) -0.11 0.13 -0.12 0.13
(b’1-b1) -0.02 0.09 0.00
Building (b0) 0.15 0.05 0.14 0.05
(b’1-b1) -0.06 0.09 0.00
Private services (b0) 0.24 0.05 0.24 0.05
(b’1-b1) -0.02 0.09 0.00
Public services (b0) 0.04 0.05 0.04 0.05
(b’1-b1) -0.02 0.09 0.00
Others (b0) 0.47 0.07 0.52 0.07
(b’1-b1) 0.17 0.12 0.00
No previous employment (b0) 0.17 0.08 0.03 0.07
(b’1-b1) -0.31 0.12 0.00
2. Duration (in years)
2    (g2-c) -0.30 0.03 -0.30 0.03
3    (g3-c) -0.66 0.05 -0.66 0.05
   4    (g4-c)
** -1.04 0.06 -1.04 0.06
3. Variance of the Gamma at l=0
hc -1.74 0.16 -1.73 0.16
s
2
0=exp(hc) 0.18 0.03 0.18 0.03
4. Calendar time at inflow
h1 0.34 0.05 0.34 0.05
Number of estimated parameters 89 41
Number of observations 45987 45987
Weighted sum of squared residuals 35808.1 35875.2
Adjusted number of parameters (after regrouping) 62 25
Adjusted number of observations (after regrouping) 420 420
Adjusted weighted sum of squared residuals (after regrouping) 446.55 502.62
P-value of the goodness-of-fit test 0.001 0.000
P-value of the restrictions test 0.02
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Orz hgxfdwhg zrunhuv duh wkh prvw yxoqhudeoh wr xqhpsor|phqw lq
Ehojlxp1 Iljxuh 714 ghslfwv wkh xqhpsor|phqw udwh e| vfkrrolqj ohyho
lq 4<::/ 4<;4 dqg ryhu wkh shulrg 4<;<04<<;41X q h p s o r | p h q wl q f u h d v h g
gxulqj wklv shulrg iru doo vfkrrolqj jurxsv/ exw dw txlwh glhuhqw udwhv1
Lq 4<<;/ wkh xqhpsor|phqw udwh ri wkh ohvv hgxfdwhg zrunhuv +zlwk dw
prvw d orzhu vhfrqgdu| ghjuhh5, lqfuhdvhg e| d idfwru ri 5=8 dv frpsduhg
wr lwv ohyho lq 4<:: zkloh wklv idfwru rqo| dprxqwv wr 4=58 iru zrunhuv
zkr frpsohwhg kljkhu hgxfdwlrq1 Wkh Ehojldq udwlr ehwzhhq wkh xqhp0
sor|phqw udwh ri wkhvh wzr vfkrrolqj jurxsv zdv dovr/ lq 4<<8/ rqh ri
￿Lq Ehojlxp/ wkhuh lv qrw wlph0vhulhv rq wkh zrunlqj srsxodwlrq e| ohyho ri hgx0
fdwlrqdo dwwdlqphqw1 Wklv lqirupdwlrq lv dydlodeoh rq dq dqqxdo edvlv lq wkh oderxu
irufh vxuyh|v vlqfh 4<;< rqo|1 Lq Iljxuh 714/ xqhpsor|phqw udwhv e| vfkrrolqj ohyho
duh fdofxodwhg rq wkh edvlv ri d vrflr0hfrqrplf vxuyh| lq 4<:: dqg wkh srsxodwlrq
fhqvxv lq 4<;41
2D orzhu +uhvs1 xsshu, vhfrqgdu| ghjuhh fruuhvsrqgv wr < +uhvs1 45, |hduv ri
hgxfdwlrq1483 Fkdswhu 7
wkh odujhvw dprqj 48 RHFG frxqwulhv6 +vhh RHFG 4<<:d,1 Lw vkrxog
krzhyhu eh qrwhg wkdw wkh ulvlqj glvsdulwlhv lq wkh xqhpsor|phqw udwh
e| ohyho ri hgxfdwlrq lv pruh d ihdwxuh ri Zdoorqld/ wkh Iuhqfk vshdnlqj








77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
Primary Lower secondary Upper secondary Higher education
Iljxuh 714= Xqhpsor|phqw udwh e| ohyho ri hgxfdwlrq lq Ehojlxp
Wkh uhodwlyh ulvh lq wkh xqhpsor|phqw udwh ri wkh orzhu hgxfdwhg zrun0
huv wrrn sodfh ghvslwh d jurzlqj vkduh ri kljk hgxfdwhg zrunhuv lq wkh
oderxu irufh1 Lq Fkdswhu 6/ zh dovr vkrz wkdw wkh pruh udslg lqfuhdvh
lq wkh xqhpsor|phqw udwh ri wkh orz hgxfdwhg zrunhuv iurp wkh odwh
vhyhqwlhv lv sduwo| gulyhq e| d vwurqjhu srvlwlyh wuhqg lq wkhlu xqhpsor|0
phqw gxudwlrq1 Wkh rxw rz udwh ri orz hgxfdwhg xqhpsor|hg zrunhuv
lq Ehojlxp ghwhulrudwhg e| 63( pruh wkdq wkh h{lw udwh ri wkh kljkhvw
hgxfdwhg zrunhuv ryhu wkh shulrg 4<:604<<61
Wzr h{sodqdwlrqv duh frqvlvwhqw zlwk wkhvh revhuyhg idfwv1 Wkh lq0
fuhdvlqj glvsdulw| ehwzhhq xqhpsor|phqw udwhv e| vfkrrolqj ohyho fdq
eh gulyhq e| d vwuxfwxudo vnloo plvpdwfk1 Dffruglqj wr wklv ylhz/ wkh hfr0
qrplf jurzwk fdph zlwk d fkdqjh lq wkh frpsrvlwlrq ri oderxu ghpdqg
eldvhg djdlqvw wkh orz vnloohg zrunhuv +e| wkh lqwurgxfwlrq ri qhz whfk0
qrorjlhv/ gh0lqgxvwuldolvdwlrq dqg2ru lqwhuqdwlrqdo frpshwlwlrq,/ zlwk0
r x wd qh t x l y d o h q wd g m x v w p h q wl qw k hf r p s r v l w l r qr io d e r x uv x s s o |+ v h h /
￿Ehojlxp frphv lq irxuwk/ diwhu wkh Xqlwhg Vwdwhv/ Luhodqg dqg Ox{hpexuj1
eEhojlxp lv glylghg lqwr wkuhh uhjlrqv= Zdoorqld/ Iodqghuv dqg Euxvvhov1Fkdswhu 7 484
iru h{dpsoh/ Guë}h dqg Vqhhvvhqv 4<<:> Dxwru hw do1 4<<;> Ehupdq hw
do1 4<<;> Pdfklq dqg Ydq Uhhqhq 4<<;,1 Wkhvh vwuxfwxudo hyroxwlrqv/
wrjhwkhu zlwk d grzqzdug uljlg zdjh vwuxfwxuh/ ohg wr d jurzlqj vnloo
plvpdwfk ehwzhhq wkh ghpdqg dqg wkh vxsso| ri oderxu= Dq h{fhvv
ghpdqg ri kljk vnloohg zrunhuv frh{lvwv zlwk dq h{fhvv vxsso| ri orz
vnloohg zrunhuv1
Wkh vhfrqg h{sodqdwlrq dwwulexwhv wkh revhuyhg hyroxwlrqv wr wkh furzg0
lqj rxw ri orzhu hgxfdwhg zrunhuv e| zrunhuv zlwk d kljkhu hgxfdwlrq1
Lq wkh olwhudwxuh/ wklv skhqrphqrq lv dovr fdoohg mre frpshwlwlrq/ exps0
lqj grzq ru odgghu hhfw +vhh/ iru h{dpsoh/ Juhhq hw do1 4<<<> Grodgr hw
do1 5333> Jdxwlhu 5334,1 Frqwudu| wr wkh vnloo plvpdwfk vwru|/ d jhqhudo
vorzgrzq ri wkh hfrqrplf jurzwk uhgxfhg wkh ghpdqg iru erwk vnloohg
dqg xqvnloohg zrunhuv81 Lq vxfk d frqwh{w/ pruh hgxfdwhg zrunhuv wulhg
wr frpshqvdwh wkh ghfuhdvhg ghpdqg e| h{whqglqj mre vhdufk rq wkh vnloo
vhjphqw ehorz wkhlu rzq1 Dgrswlqj wklv vhdufk ehkdylrxu/ wkh| furzghg
rxw orzhu hgxfdwhg xqhpsor|hg lq wkhlu vhjphqw1 Dw wkh erwwrp ri wkh
vnloo odgghu/ wkh orzhvw hgxfdwhg zhuh frqghpqhg wr xqhpsor|phqw ru
lqdfwlylw|1 Wklv surfhvv zdv uhlqirufhg e| d vlpxowdqhrxv ulvh lq wkh
vxsso| ri kljko| hgxfdwhg zrunhuv1
Qrwlfh wkdw vnloo plvpdwfk dqg mre frpshwlwlrq duh qrw pxwxdoo| h{0
foxvlyh1 Wkh uvw h{sodqdwlrq hpskdvlvhv wkh uroh ri wkh frpsrvlwlrq ri
hpsor|phqw jurzwk dqg oderxu vxsso| rq wkh revhuyhg hyroxwlrqv zkloh
wkh vhfrqg vwuhvvhv wkh lpsruwdqfh ri wkh ohyho ri hpsor|phqw jurzwk1
Wklv fkdswhu dlpv wr ghwhuplqh wkh uhodwlyh lpsruwdqfh ri mre frpsh0
wlwlrq dqg vnloo plvpdwfk iru d srsxodwlrq ri xqhpsor|hg mre vhdufkhuv
lq Ehojlxp1 Rxu dqdo|vlv euhdnv qhz jurxqg lq wkh hpslulfdo olwhudwxuh1
Iluvw/ qr rwkhu hpslulfdo vwxglhv wulhg wr glvhqwdqjoh wkh wzr h{sodqd0
wlrqv hyhq wkrxjk wklv txhvwlrq lv kljko| uhohydqw iurp d srolf| shuvshf0
wlyh1 Zh vkrxog krzhyhu vwuhvv iurp wkh rxwvhw wkdw wkh dydlodeoh gdwd
doorz xv wr hydoxdwh wkh h{whqw ri mre frpshwlwlrq dqg vnloo plvpdwfk
rqo| iru d vhohfwlyh srsxodwlrq ri xqhpsor|hg zrunhuv/ zklfk h{foxghv
|rxqj vfkrro ohdyhuv dqg rq0wkh0mre vhdufkhuv1 Wklv phdqv wkdw rqh
pxvw eh h{wuhpho| fdxwlrxv zlwk wkh lqwhusuhwdwlrq ri rxu uhvxowv dv zhoo
DWkh vorzgrzq ri hfrqrplf jurzwk frxog uh hfw d ghsuhvvhg fdslwdo dffxpxodwlrq
gxh wr h{fhvvlyho| kljk oderxu frvwv +vhh Gdyhul dqg Wdehoolql 4<<:, ru frruglqdwlrq
idloxuhv +vhh Guë}h 4<<:> Vkdgpdq0Phkwd dqg Vqhhvvhqv 4<<;,1485 Fkdswhu 7
dv zlwk wkhlu srolf| lpsolfdwlrqv1 Ehvlghv/ zh vkrxog dovr nhhs lq plqg
wkdw rxu vwxg| lv uhvwulfwhg wr Zdoorqld/ dqg wr wkh hduo| qlqhwlhv/ shulrg
fkdudfwhulvhg e| d vwurqj ghwhulrudwlrq ri wkh hfrqrplf survshfwv lq doo
Hxurshdq frxqwulhv1
Vhfrqg/ hpslulfdo uhvhdufk rq vnloo plvpdwfk dqg mre frpshwlwlrq qhhgv
wkh uhvhdufkhu wr dvvljq wkh cwuxh* vnloo uhtxluhphqwv wr ydfdqflhv dqg
oohg mrev wr wkh vnloo dwwdlqphqw ri zrunhuv1 Uhvhdufkhuv riwhq uho|
rq uhsruwv ri hpsor|huv ru zrunhuv wr dvvljq wkhvh vnloo uhtxluhphqwv/
dqg xvh wkh hgxfdwlrqdo ghjuhh dv phdvxuh ri wkh vnloo ohyho1 Krzhyhu/
wkhuh duh uhdvrqv wr eholhyh wkdw wkhvh uhsruwv duh eldvhg1 Iru lqvwdqfh/
hpsor|huv fdq lqfuhdvh wkhlu hgxfdwlrqdo uhtxluhphqwv lq rughu wr dwwudfw
wkh ehvw fdqglgdwhv iru wkh mre ru vlpso| ehfdxvh wkh| nqrz wkdw wkhuh
lv d odujh qxpehu ri kljko| hgxfdwhg mre vhhnhuv +vhh Juhhq hw do1 4<<<,1
Li wkh vfkrrolqj suroh ri wkh mre lv hydoxdwhg wkurxjk h{whuqdo h{shuwv/
wkh lqirupdwlrq pxvw eh iuhtxhqwo| xsgdwhg vlqfh wkh mre frqwhqw pd|
fkdqjh zlwk wkh lqwurgxfwlrq ri qhz whfkqrorjlhv1 Zh dyrlg wkhvh eldvhv
e| hvwlpdwlqj wkh glvwulexwlrq ri mrev dffruglqj wr wkh uhtxluhg ohyho ri
hgxfdwlrq1
D qxpehu ri vwxglhv hydoxdwhg wkh h{whqw ri vnloo plvpdwfk e| frpsxw0
lqj plvpdwfk lqglfdwruv +vhh iru Ehojlxp/ Vqhhvvhqv hw do1 4<<</ dqg iru
rwkhu frxqwulhv/ Mdfnpdq dqg Urshu 4<;:> Mdfnpdq hw do1 4<<3> Pdq0
dfrugd dqg Shwurqjror 4<<<,1 Krzhyhu/ doo phdvxuhv ri plvpdwfk duh
exlow rq prghov zklfk ljqruh wkh prelolw| ri zrunhuv ehwzhhq vhjphqwv
ri wkh oderxu pdunhw/ vr wkdw wkh| h{foxgh wkh furzglqj rxw surfhvv1 Li
vxfk d surfhvv wdnhv sodfh/ wkh plvpdwfk lqglfdwruv duh eldvhg1 Dv dq
h{dpsoh/ wkh plvpdwfk lqglfdwru lq Vqhhvvhqv hw do1 +4<<<, lv wkh udwlr
ri vnloohg wr wrwdo hpsor|phqw udwhv1 Vnloohg hpsor|phqw lv phdvxuhg
e| wkh vkduh ri kljko| hgxfdwhg9 shrsoh lq wkh zrunlqj srsxodwlrq1 Df0
fruglqj wr wklv udwlr/ wkhuh kdv ehhq d jurzlqj lpedodqfh ehwzhhq wkh
ghpdqg dqg wkh vxsso| ri vnloov lq Ehojlxp iurp wkh odwh vhyhqwlhv dqg
xs wr wkh plg hljkwlhv1 Exw wklv lqfuhdvh frxog sduwo| uh hfw d pruh lq0
whqvh furzglqj rxw ri orzhu hgxfdwhg zrunhuv e| kljkhu hgxfdwhg rqhv1
Rwkhu lqglfdwruv vxhu iurp wkh vdph w|sh ri phdvxuhphqw sureohp1
Xs wr qrz/ prvw ri wkh hpslulfdo hylghqfh rq mre frpshwlwlrq uholhv
SKljko| hgxfdwhg zrunhuv duh wkrvh zkr dw ohdvw frpsohwhg dq xsshu vhfrqgdu|
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rq phdvxuhv ri ryhuhgxfdwlrq/ zklfk jlyh wkh vkduh ri zrunhuv zlwk d
kljkhu vfkrrolqj ohyho wkdq wkh rqh uhtxluhg wr shuirup wkh mre1 Wkhuh
lv d jurzlqj lqwhuhvw lq wkh ryhuhgxfdwlrq olwhudwxuh/ zlwqhvv wkh vshfldo
lvvxh ri wkh Hfrqrplfv ri Hgxfdwlrq Uhylhz +4</ Dsulo 5333, rq wklv
txhvwlrq1 Xs wr gd|v/ d olplwhg qxpehu ri vwxglhv wulhg wr hydoxdwh wkh
lqflghqfh ri ryhuhgxfdwlrq iru Ehojlxp +vhh Ydq Krri 4<<9 dqg Ghqroi
hw do1 4<<<,1 Krzhyhu/ wkhuh lv dq lpsruwdqw phwkrgrorjlfdo lvvxh lq
wklv olwhudwxuh +fi1 vxsud,1
D ihz vwxglhv xvh d glhuhqw hpslulfdo dssurdfk wr hydoxdwh wkh h{whqw
ri mre frpshwlwlrq1 Ydq Rxuv dqg Ulgghu +4<<8, hvwlpdwh d pdwfklqj
ixqfwlrq e| vfkrrolqj ohyho/ doorzlqj iru mre frpshwlwlrq ehwzhhq mre
vhhnhuv zlwk glhuhqw ohyhov ri hgxfdwlrq1 Wkhlu sdudphwhu ri lqwhuhvw lv
wkh vkduh ri pruh hgxfdwhg mre vhhnhuv wkdw frpshwh zlwk ohvv hgxfdwhg
rqhv1 Wkhlu uhvxowv frxog/ krzhyhu/ eh vhqvlwlyh wr wkh fodvvlfdwlrq
ri ydfdqflhv dffruglqj wr wkh ohyho ri hgxfdwlrqdo dwwdlqphqw/ zklfk lv
uhjlvwhuhg e| wkh hpsor|huv:1 Wkh| gr qrw qg hylghqfh iru mre frpshwl0
wlrq/ h{fhsw dw wkh wrs vhjphqw ri wkh oderxu pdunhw1 Lq d vhdufk prgho/
Jxujdqg +4<<<, vkrzv wkdw wkh qxpehu ri pruh hgxfdwhg xqhpsor|hg
zrunhuv vkrxog eh d ghwhuplqdqw ri wkh klulqj suredelolw| ri wkh ohvv
hgxfdwhg zrunhuv lq wkh suhvhqfh ri mre frpshwlwlrq1 Wklv suhglfwlrq
lv whvwhg hpslulfdoo| lq d uhgxfhg irup prgho zlwk gdwd rq wkh  rzv
iurp xqhpsor|phqw e| ohyho ri hgxfdwlrq1 Klv suholplqdu| qglqjv frq0
up vljqlfdqw mre frpshwlwlrq ehwzhhq zrunhuv zlwk kljkhu hgxfdwlrq
dqg wkrvh zlwk vhfrqgdu| hgxfdwlrq1 Ilqdoo|/ Jdxwlhu hw do1+ 5 3 3 4 ,w h v w
zkhwkhu pruh kljko| hgxfdwhg zrunhuv rffxs| vlpsoh mrev lq f|folfdo
grzqwxuqv rq wkh edvlv ri d up0zrunhu gdwd vhw1 Wr wkdw sxusrvh/
wkh| phdvxuh/ iru hdfk mre frpsoh{lw| ohyho/ wkh glhuhqfh ehwzhhq dy0
hudjh vfkrrolqj ri wkh lq rz dqg wkh rxw rz +dw wkh up ohyho,/ dqg whvw
zkhwkhu wklv yduldeoh lv odujhu lq grzqwxuqv1 Wkh| irxqg hylghqfh ri
frxqwhuf|folfdo mre frpshwlwlrq dw rqo| rqh ri wkh orzhu mre frpsoh{lw|
ohyhov1 Rqo| f|folfdo furzglqj rxw lv lqyhvwljdwhg wkrxjk1
Lq rxu vwxg|/ zh hvwlpdwh wkh h{whqw ri mre frpshwlwlrq dqg vnloo plv0
pdwfk dprqj wkh xqhpsor|hg srsxodwlrq lq Zdoorqld1 Dv lq Jxujdqg
+4<<<,/ zh xvh gdwd rq wkh  rzv iurp xqhpsor|phqw e| ohyho ri hgxfd0
.Wkh gdwd xvhg e| Ydq Rxuv dqg Ulgghu +4<<8, duh froohfwhg iurp ydfdqf| vxuyh|v
wr hpsor|huv1487 Fkdswhu 7
wlrq dqg wkh wrwdo qxpehu ri mre ydfdqflhv uhjlvwhuhg dw wkh sxeolf hp0
sor|phqw djhqf|1 Zh irfxv rq pdoh xqhpsor|hg zrunhuv iru wkh shulrg
Mxqh 4<;< 0 Iheuxdu| 4<<71 Wkh suredelolw| ri ohdylqj xqhpsor|phqw lv
prghoohg lq d pdwfklqj ixqfwlrq iudphzrun1 Dv lq Ydq Rxuv dqg Ulg0
ghu +4<<8,/ zh dvvxph wkdw wkh mre pdunhw lv vhjphqwhg e| vfkrrolqj
ohyho dqg wkdw hdfk vhjphqw lv fkdudfwhulvhg e| wkh vdph mre pdwfklqj
whfkqrorj|1 Lq wkh suhvhqfh ri mre frpshwlwlrq/ doo xqhpsor|hg zrunhuv
vhdufk iru mrev lq wkhlu rzq vhjphqw dqg vrph iudfwlrq vhdufk vlpxowdqh0
rxvo| lq wkh vhjphqw mxvw ehorz wkhlu rzq1 Wkh klulqj suredelolw| lv wkhq
pdgh ri wzr frpsrqhqwv= wkh suredelolw| ri qglqj d mre fruuhvsrqglqj
wr klv vfkrrolqj suroh dqg wkh suredelolw| ri qglqj d grzqjudglqj mre1
Frqwudu| wr Jxujdqg +4<<<,/ zh hvwlpdwh wkh vwuxfwxudo irup ri wkh
rxw rz udwh e| vfkrrolqj ohyho zlwkrxw uho|lqj rq d uhgxfhg irup vshf0
lfdwlrq1 Wkh h{whqw ri mre frpshwlwlrq dw hdfk vfkrrolqj ohyho lv hvwl0
pdwhg dorqjvlgh zlwk wkh glvwulexwlrq ri mre rhuv e| ohyho ri hgxfdwlrq1
Hvwlpdwlqj wkh glvwulexwlrq ri mre rhuv e| vfkrrolqj ohyho doorzv xv
wr fdofxodwh xqeldvhg plvpdwfk lqglfdwruv1 Krzhyhu/ zh rqo| revhuyh
xqhpsor|hg zrunhuv zkr vhsdudwhg iurp wkhlu hpsor|huv lq rxu gdwd
vhw1 Dv d frqvhtxhqfh/ rxu hvwlpdwlrq ri ydfdqflhv e| vfkrrolqj ohyho
frqfhuqv rqo| wkrvh lqwhqghg wr wklv vhohfwlyh srsxodwlrq1 Vr/ dv hpskd0
vlvhg deryh/ zh fdq mxvw hydoxdwh wkh h{whqw ri vnloo plvpdwfk zlwklq wklv
vhohfwlyh srsxodwlrq1
Wkh sodq ri wkh fkdswhu lv dv iroorzv1 Lq wkh qh{w vhfwlrq/ zh ghulyh
wkh wkhruhwlfdo h{suhvvlrq ri wkh mre qglqj udwh lq wkh suhvhqfh ri mre
frpshwlwlrq1 Vhfwlrq 716 ghvfulehv wkh gdwd1 Lq Vhfwlrq 717/ zh ghulyh
wkh uhjuhvvlrq prgho1 Vhfwlrq 718 lv ghyrwhg wr wkh glvfxvvlrq ri rxu hvwl0
pdwlrq uhvxowv1 Wr lqfuhdvh wkh uholdelolw| ri rxu qglqjv/ zh lqyhvwljdwh
wkh vhqvlwlylw| ri rxu prgho hvwlpdwhv wr fkdqjhv lq wkh vshflfdwlrq lq
Vhfwlrq 7191 Wkh frqfoxglqj sduw vxppdulvhv rxu qglqjv1
715 Prgho vshflfdwlrq
71514 Ghqlwlrqv/ qrwdwlrqv dqg dvvxpswlrqv
Zh frqvlghu d vhjphqwhg oderxu pdunhw zkhuh oderxu ghpdqg lv gli0
ihuhqwldwhg e| wkh hgxfdwlrq ohyho uhtxluhg wr shuirup d mre dqg oderxuFkdswhu 7 488
vxsso| e| wkh ohyho ri hgxfdwlrqdo dwwdlqphqw ri wkh lqglylgxdov1 Wkh
hgxfdwlrq ohyho lv lqgh{hg e| l 5 +4>5>===>L,/ wkh w|sh ri vhjphqw dqg
wkh w|sh ri lqglylgxdo ehlqj fkdudfwhulvhg e| d vxevfulsw dqg d vxshu0
vfulsw uhvshfwlyho|1 L lv wkh kljkhvw vfkrrolqj ohyho1 Oderxu ghpdqg
fruuhvsrqgv wr upv srvwlqj ydfdqflhv zkloh oderxu vxsso| lv uhvwulfwhg
wr xqhpsor|hg zrunhuv hhfwlyho| orrnlqj iru d mre1
Lq wklv frqwh{w/ mre frpshwlwlrq rffxuv zkhq wkh hgxfdwlrq ohyho ri d
mre vhdufkhu lv juhdwhu wkdq wkh ohyho uhtxluhg wr shuirup wkh mre1 E|
dvvxpswlrq/ wkh xqhpsor|hg zrunhuv zlwk dw prvw dq hohphqwdu| vfkrro
ghjuhh duh qrw deoh wr furzg rxw dq| rwkhu zrunhuv/ zkloh wkrvh zkr
frpsohwhg wkh kljkhvw hgxfdwlrq ohyho duh surwhfwhg iurp dq| frpshwl0
wlrq1 Zh duh dzduh wkdw hgxfdwlrq lv dq lpshuihfw lqglfdwru ri vnloov1
Wkh vfkrrolqj ohyho dorqh lv dydlodeoh lq rxu gdwd vhw wkrxjk1 Lq wklv
iudphzrun/ zh dovr ghqh vnloo plvpdwfk dv wkh lpedodqfh ehwzhhq wkh
oderxu ghpdqg dqg vxsso| e| hgxfdwlrqdo ohyho= Vrph vfkrrolqj ohyhov
duh fkdudfwhulvhg e| dq h{fhvv qxpehu ri mre rhuv/ rwkhu ohyhov e| dq h{0
f h v vq x p e h ur im r ev h h n h u v 1Q r w l f hw k d wp l v p d w f kl vx v h gz l w kdg l  h u h q w
vhqvh lq wkh vhdufk dqg pdwfklqj olwhudwxuh= Plvpdwfk h{lvwv zkhqhyhu
mrev dqg zrunhuv gr qrw phhw lqvwdqwdqhrxvo| gxh wr wkh vhdufk dqg
dssolfdwlrq surfhvv +vhh Slvvdulghv 5333/ s155,1 Rxu ghqlwlrq lv dovr
pruh jhqhudo wkdq wkh rqh irxqg lq wkh olwhudwxuh rq vwuxfwxudo xqhp0
sor|phqw/ lq zklfk cvnloo plvpdwfk* riwhq uhodwhv wr d sduwlfxodu w|sh ri
lpedodqfh lq wkh oderxu pdunhw= Dq h{fhvv qxpehu ri kljk vnloohg mre
rhuv frh{lvw zlwk dq h{fhvv qxpehu ri orz vnloohg mre vhhnhuv +vhh/ h1j1/
Guë}h dqg Vqhhvvhqv 4<<:,1
Zh ghvfuleh wkh phhwlqj surfhvv ehwzhhq wkh mre rhuv dqg wkh xq0
hpsor|hg zrunhuv e| wkh pdwfklqj ixqfwlrq dqg zh wuhdw wkh pdwfklqj
surfhvv dv d frqwlqxrxv0wlph surfhvv1 Lq rxu iudphzrun/ wkh pdwfklqj
ixqfwlrq uhodwhv/ dw fdohqgdu wlph / wkh qxpehu ri klulqjv lq vhjphqw l/
I￿￿/ wr wkh qxpehu ri ydfdqflhv dqg wkh qxpehu ri hhfwlyh mre vhhnhuv
lq vhjphqw l/ uhvshfwlyho| Y￿￿ dqg V￿￿1 Wkh odwwhu qxpehu lv phdvxuhg
lq hhfwlyh xqlwv wr dffrxqw iru khwhurjhqhlw| zlwklq hdfk vhjphqw1 Lq
wkh hpslulfdo dqdo|vlv/ revhuyhg shuvrqdo fkdudfwhulvwlfv/ vxfk dv xqhp0
sor|phqw gxudwlrq/ duh xvhg wr dssur{lpdwh wkh khwhurjhqhlw| zlwklq
vhjphqwv1 Dvvxplqj d Free0Grxjodv vshflfdwlrq zlwkrxw dq| uhvwulf0





zkhuh A3 dqg A3 duh dvvxphg wr eh lqghshqghqw ri l1
Li wkh oderxu pdunhw lv shuihfwo| vhjphqwhg/ +l, wkh xqhpsor|hg zrun0
huv ri hgxfdwlrq ohyho l/ X￿
￿/ orrn iru mrev rqo| lq wkhlu rzq vhjphqw=
V￿￿ @ h￿X￿
￿ zkhuh  h￿ uhsuhvhqwv wkh dyhudjh pdwfklqj hhfwlyhqhvv ri wkh
xqhpsor|hg zrunhuv zlwk vfkrrolqj ohyho l +vhh Mdfnpdq hw do1 4<;<,/
dqg +ll, wkh ydfdqflhv uhtxlulqj hgxfdwlrq ohyho l/ Y￿￿/ fdq rqo| eh oohg
e| zrunhuv zkr kdyh wkh fruuhvsrqglqj ohyho= I￿￿ @ I￿
￿ zkhuh I￿
￿ lv wkh
qxpehu ri ydfdqflhv oohg e| xqhpsor|hg zrunhuv zlwk hgxfdwlrq ohyho
l1 Zh dvvxph wkdw wkh dyhudjh pdwfklqj hhfwlyhqhvv/  h￿/p d |y d u |e h 0
wzhhq ohyhov ri hgxfdwlrqdo dwwdlqphqw rqo| ehfdxvh wkh frpsrvlwlrq ri
hhfwlyh xqlwv glhuv ehwzhhq wkhvh jurxsv dqg wkdw  h￿ lv wlph0lqyduldqw1








Ohw ￿￿ ghqrwh wljkwqhvv +l1h1 wkh ydfdqf|0xqhpsor|phqw udwlr, lq vhj0






Wkh devhqfh ri vnloo plvpdwfk lv ghqhg irupdoo| dv= ;l =  ￿￿ @  ￿1V r
plvpdwfk lpsolhv glhuhqw Y0X udwlrv dfurvv vfkrrolqj jurxsv1 Mdfnpdq
dqg Urshu +4<;:, frph wr wklv ghqlwlrq ri plvpdwfk e| pd{lplvlqj
wkh wrwdo qxpehu ri klulqjv lq d vhjphqwhg mre pdunhw fkdudfwhulvhg e|
wkh vdph mre pdwfklqj whfkqrorj|;1 Lq Dsshqgl{ 4/ zh ghyhors dq htxl0
oleulxp vhdufk prgho ão dS l v v d u l g h v+ 5 3 3 3 ,z l w kw z rw | s h vr im r e vd q g
zrunhuv +kljk vnloohg dqg orz vnloohg, dqg shuihfw vhjphqwdwlrq ri wkh
oderxu pdunhw1 Wklv vlpsoh prgho vkrzv wkdw vnloo eldvhg whfkqrorjlfdo
fkdqjh/ l1h1 dq lqfuhdvh lq wkh uhodwlyh surgxfwlylw| ri kljk vnloohg mrev/
HH{fhsw iurp wkhlu hgxfdwlrqdo dwwdlqphqw/ zrunhuv duh dvvxphg wr eh krprjh0
qhrxv/ vr wkdw 7 e
￿ ' Fkdswhu 7 48:
lv qrw wkh rqo| srvvleoh ghwhuplqdqw ri vnloo plvpdwfk lq d vwhdg|0vwdwh
htxloleulxp1 Wljkwqhvv pd| dovr ydu| dfurvv vnloo vhjphqwv gxh wr glhu0
hqfhv lq edujdlqlqj srzhu/ vhsdudwlrq udwh/ xqhpsor|phqw ehqhw dqg
klulqj frvwv ehwzhhq vhjphqwv1
Qrwlfh wkdw wkh prvw frpprq phdvxuhv ri vnloo plvpdwfk duh edvhg
rq xqhpsor|phqw udwhv e| vnloo ohyho= Rqh lv edvhg rq xqhpsor|phqw
udwh udwlrv +vhh Mdfnpdq hw do1 4<<3,/ wkh rwkhu rq xqhpsor|phqw udwh
glhuhqfhv +vhh/ h1j1/ Vqhhvvhqv dqg Vkdgpdq0Phkwd 4<<8,<1W k h  u v w
lqglfdwru lv ghulyhg iurp d Qdlux prgho zlwk d vhjphqwhg oderxu pdu0
nhw1 Wkh vhfrqg lqgh{ lv exlow rq d prgho zlwk h{solflw vnloohg oderxu
frqvwudlqwv dqg djjuhjdwlrq ryhu plfurpdunhwv1 Xqghu erwk vhwwlqjv/
wkh fdvh ri qr plvpdwfk lv ghqhg dv wkh devhqfh ri glhuhqfhv ehwzhhq
xqhpsor|phqw udwhv e| vnloo jurxs1 Wkh prgho ghulyhg lq Dsshqgl{ 4
dovr lqglfdwhv wkdw wkh ghqlwlrq ri qr plvpdwfk edvhg rq wljkwqhvv lq0
glfdwruv lpsolhv wkh devhqfh ri glhuhqfhv ehwzhhq xqhpsor|phqw udwhv
li wkh vhsdudwlrq udwh grhv qrw ghshqg rq wkh vnloo ohyho1
Xvlqj +715, dqg +716,/ wkh udwh dw zklfk d mre vhhnhu ri hgxfdwlrq ohyho


















Xqghu wkh dvvxpswlrq ri frqvwdqw uhwxuqv wr vfdoh +FUV,/ l1h1 . @4 /
wkhuh lv d rqh0wr0rqh uhodwlrqvkls ehwzhhq wkh klulqj udwh ri d mre0vhhnhu
zlwk vfkrrolqj ohyho l dqg wljkwqhvv lq klv vhjphqw1 Li  h￿ lv wkh vdph lq
hdfk vhjphqw/ glvsdulw| ri wkh mre qglqj udwhv ehwzhhq vfkrrolqj ohyhov
fdq rqo| eh h{sodlqhg e| vnloo plvpdwfk1 Zlwk lqfuhdvlqj uhwxuqv wr vfdoh
+LUV,/ l1h1 .A4/ wkh klulqj udwhv e| hgxfdwlrq ohyho pd| glhu hyhq
lq wkh devhqfh ri vnloo plvpdwfk1 Li wkhuh lv qr vnloo plvpdwfk/ vhjphqwv
zlwk d juhdwhu qxpehu ri hhfwlyh mre vhhnhuv zloo eh fkdudfwhulvhg e|
d kljkhu pdwfklqj udwh1 Wklv srvlwlyh uhodwlrqvkls vwhpv iurp wkh idfw
wkdw xqghu LUV/ wkh qxpehu ri srwhqwldo frqwdfwv ehwzhhq mre vhhnhuv
dqg upv lqfuhdvhv zkhq wkh vl}h ri wkh pdunhw lv odujhu +vhh h1j1 Whxolqjv
dqg Jdxwlhu 5333,1
bLi zh glvwlqjxlvk kljk vnloohg +K, dqg orz vnloohg +O, oderxu/ wkh wzr lqglfdwruv
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Lq wkh qh{w vhfwlrq/ zh doorz iru mre frpshwlwlrq ehwzhhq zrunhuv ri
glhuhqw vfkrrolqj ohyhov dqg vkrz wkdw wklv frpshwlwlrq fdq dovr h{sodlq
wkh glyhujhqfh lq mre qglqj udwhv e| hgxfdwlrq ohyho1
71515 Wkh hhfw ri mre frpshwlwlrq
Zlwk mre frpshwlwlrq/ wkh oderxu pdunhw lv qrw shuihfwo| vhjphqwhg=
+l, Wkh xqhpsor|hg zrunhuv ri vfkrrolqj l/ X￿
￿/ fdq vhdufk iru d mre lq
wkhlu rzq vhjphqw dqg lq d vhjphqw uhtxlulqj dq hgxfdwlrqdo dwwdlqphqw
ehorz wkhlu rzq ohyho/ dqg +ll, wkh mre rhuv ghvljqhg iru hgxfdwlrq
l/ Y￿￿/ fdq eh oohg e| xqhpsor|hg zrunhuv zlwk wkh uhtxluhg ohyho ru
e| ryhuhgxfdwhg zrunhuv1 Zh rqo| doorz mre frpshwlwlrq dw rqh ohyho
grzqzdug dqg h{foxgh xszdug frpshwlwlrq1 Wkhvh wzr dvvxpswlrqv duh
uhdolvwlf jlyhq wkdw zh fodvvli| hgxfdwlrq lqwr uhodwlyho| eurdg fdwhjrulhv
lq wkh hpslulfdo dqdo|vlv1
Zh dvvxph vlpxowdqhrxv mre vhdufk= Doo xqhpsor|hg zrunhuv ri w|sh
l v h d u f ki r udm r el qw k h l ur z qv h j p h q wd q gv r p hi u d f w l r q /￿
￿ zlwk
3  ￿
￿  4/ vhdufk vlpxowdqhrxvo| lq wkh vhjphqw mxvw ehorz wkhlu rzq1
E| dvvxpswlrq/ ￿
￿ lv rqo| ghqhg iru l 5i 5>6>===>Lj1 Wkhuhiruh/ wkh
qxpehu ri zrunhuv vhdufklqj iru d mre lq vhjphqw l/ V￿￿/f r p s u l v h ve r w k
wkh xqhpsor|hg zrunhuv ri vfkrrolqj l/ X￿
￿/ dqg wkh xqhpsor|hg zrunhuv
ri vfkrrolqj l .4zkr ghflgh wr frpshwh zlwk wkrvh iruphu iru mrev lq
vhjphqw l/ ￿n￿
￿ X￿n￿
￿ 1 Qrw doo xqhpsor|hg zrunhuv zloo qhfhvvdulo| dgrsw
wklv vhdufk ehkdylrxu1 Iru/ wkh suredelolw| ri uhfhlylqj dq dghtxdwh mre
rhu pd| ghfuhdvh zkhq wdnlqj d grzqjudglqj srvlwlrq/ pdnlqj vrph
xqhpsor|hg zrunhuv uhoxfwdqw wr mre frpshwlwlrq hyhq rq d whpsrudu|
edvlv1 Ryhuhgxfdwlrq pd| vljqdo wr ixwxuh hpsor|huv wkh odfn ri rwkhu
vnloo dwwulexwhv dqg wkxv uhgxfh wkh rssruwxqlw| ri jhwwlqj d pruh dgh0
txdwh mre +vhh PfFruplfn 4<<3,1 Pruhryhu/ d shulrg ri ryhuhgxfdwlrq lv
olnho| wr ghwhulrudwh wkh vnloov dftxluhg dw vfkrro dqg wkhuhiruh/ lpshgh
wkh dffhvv wr kljkhu sdlg mrev1 Ilqdoo|/ dffhswlqj d grzqjudglqj srvlwlrq
pd| dovr ghfuhdvh wkh wlph ghyrwhg wr vhdufk d pruh idyrxudeoh srvlwlrq
dv frpsduhg wr wkh wlph dydlodeoh zkhq uhpdlqlqj xqhpsor|hg1
Dq dowhuqdwlyh dvvxpswlrq wr vlpxowdqhrxv vhdufk lv vhjphqwhg mre
vhdufk +dv lq Ydq Rxuv dqg Ulgghu 4<<8,1 Xqghu wklv dvvxpswlrq/ wkh
xqhpsor|hg zrunhuv ghflgh wr vhdufk iru d mre hlwkhu lq wkhlu rzq vhj0Fkdswhu 7 48<
phqw ru lq wkh vhjphqw mxvw ehorz wkhlu rzq1 Lq wkdw fdvh/ wkh qxpehu
ri zrunhuv vhdufklqj iru d mre lq vhjphqw l/ V￿￿/ zrxog lqfoxgh erwk wkh







￿/ dqg wkh xqhpsor|hg zrunhuv ri vfkrrolqj l.4
zkr fkrrvh wr frpshwh zlwk wkrvh iruphu iru mrev lq vhjphqw l/ ￿n￿
￿ X￿n￿
￿ 1
Zh gr qrw dvvxph vhjphqwhg mre vhdufk iru wkh iroorzlqj uhdvrq1 Wkh
prwlydwlrq ehklqg wklv dvvxpswlrq lv wkdw wkh pdunhw ri mre rhuv lv
vhjphqwhg dqg wkdw mre rhuv duh frvwo| wr orfdwh1 Xqhpsor|hg zrunhuv
pxvw wkhuhiruh ghflgh wr ghyrwh wkhlu vhdufk hruw wr rqh vhjphqw rqo|1
Hyhq li vrph vhdufk fkdqqhov duh wdujhwhg wr vshflf w|shv ri mrev +h1j1
lqwhuqhw,/ prvw ri wkhp fryhu d odujh udqjh ri mre rssruwxqlwlhv +h1j1
sxeolf hpsor|phqw djhqf|/ qhzvsdshu dgyhuwlvhphqwv,/ vr wkdw lw grhv
qrw vhhp yhu| gl!fxow iru d zrunhu wr vhh +dqg wr dsso| iru, glhuhqw
w|shv ri mre rhuv vlpxowdqhrxvo|1 Wklv dujxphqw lv uhlqirufhg e| wkh
idfw wkdw zh rqo| doorz iru mre frpshwlwlrq dw rqh ohyho grzqzdug1
Krzhyhu/ V￿￿ lv qrw vlpso| wkh vxp ri wkh ryhuhgxfdwhg mre vhhnhuv dqg
wkrvh zlwk wkh uhtxluhg vfkrrolqj1 Frqwudu| wr Ydq Rxuv dqg Ulgghu
+4<<8,/ zh doorz hdfk w|sh ri mre vhhnhuv wr kdyh d vshflf hhfwlyhqhvv
lq wkh pdwfklqj surfhvv1 Zh qrupdolvh wkh pdwfklqj hhfwlyhqhvv ri wkh
dghtxdwho| hgxfdwhg zrunhuv wr rqh dqg dwwulexwh wr wkh ryhuhgxfdwhg
mre vhhnhuv dq hhfwlyhqhvv sdudphwhu }￿
￿/r q o |g h  q h gi r ul 5i 5>6>===>Lj1
Vr wkh qxpehu ri xqhpsor|hg zrunhuv zkr duh zloolqj wr grzqjudgh eh0







1 Zh gr qrw uhvwulfw wkh
ydoxh ri }￿
￿ wr eh odujhu ru vpdoohu wkdq rqh1 Uhfhqwo|/ Jdxwlhu +5334,
vkrzv wkdw wkh hpsor|huv pd| kdyh d suhihuhqfh iru rqh w|sh ri mre vhhn0
huv/ exw wkh gluhfwlrq ri wklv suhihuhqfh lv dpeljxrxv1 Fhwhulv sdulexv/
dq hpsor|hu suhihuv wr kluh dq ryhuhgxfdwhg zrunhu li kh lv pruh surgxf0
wlyh wkdq d orzhu hgxfdwhg rqh +wkh pdwfk vxusoxv lv odujhu,431 Krzhyhu/
wkh hpsor|hu pxvw dffrxqw iru wkh idfw wkdw wkh ryhuhgxfdwhg zrunhu
zloo txlw wkh up dv vrrq dv kh qgv d ehwwhu mre/ zkdw lpsolhv kljkhu
wxuqryhu frvwv dqg uhgxfhv wkh h{shfwhg pdwfk vxusoxv1
Wkh h!flhqf| sdudphwhu }￿
￿ lv krzhyhu qrw lghqwlhg vhsdudwho| iurp
wkh mre frpshwlwlrq sdudphwhu vlqfh erwk ydu| lq wkh vdph glphqvlrqv1
￿fWklv vwdwhphqw krogv zkhwkhu wkh zdjhv duh srvwhg/ l1h1 wkh zdjh lv wkh vdph
iru d sduwlfxodu mre luuhvshfwlyh ri wkh zrunhu w|sh/ ru edujdlqhg ryhu e| hdfk zrunhu
w|sh1493 Fkdswhu 7
Rqo| wkhlu surgxfw/ ￿
￿ @ }￿
￿￿
￿> lv lghqwlhg1 Exw zh fdq vwloo pdnh vrph
l q i h u h q f hr qw k hy d o x hr ie r w ks d u d p h w h u v 1 L i￿
￿ A 3 wkhq wkhuh lv mre
frpshwlwlrq/ l1h1 ￿
￿ A 31L i ￿
￿ A 4/ wkh ryhuhgxfdwhg mre vhhnhuv duh
pruh olnho| wr eh kluhg wkdq wkrvh zkr kdyh mxvw wkh uhtxluhg vfkrrolqj
ohyho/ l1h1 }￿
￿ A 41L i 3 ? ￿
￿  4/ wkh pdwfklqj hhfwlyhqhvv ri wkh
ryhuhgxfdwhg zrunhuv fdq eh kljkhu/ htxdo ru orzhu wkdq wkh dghtxdwho|
hgxfdwhg zrunhuv1 Lq dq| fdvh/ wkh h{dfw ydoxh wdnhq e| }￿
￿ dqg ￿
￿ lv
d pdwwhu ri lqwhusuhwdwlrq1 Wkh f|folfdo hyroxwlrq ri wkhvh sdudphwhuv
vkrxog eh vlplodu1 Iru lqvwdqfh/ d ulvh lq wkh ghpdqg iru kljk vnloohg
zrunhuv vkrxog uhgxfh erwk wkh h{whqw +￿, dqg wkh hhfwlyhqhvv +}￿,r i
mre frpshwlwlrq1 Vlqfh wklv vkrfn lqfuhdvhv wkh suredelolw| ri qglqj d
kljk vnloohg mre/ hpsor|huv zloo eh pruh uhoxfwdqw wr kluh ryhuhgxfdwhg
zrunhuv rq orz vnloohg mrev +vhh Jdxwlhu 5334/ Grodgr hw do1 5333,1
Lq wkh suhvhqfh ri furzglqj rxw/ V￿￿ @ h￿X￿
￿ . ￿n￿
￿  h￿n￿X￿n￿
￿ /d q gw k x v










Wkh wrwdo qxpehu ri klulqjv iru xqhpsor|hg zrunhuv ri hgxfdwlrq ohyho
l/ I￿
￿/ lv qrz pdgh ri wzr frpsrqhqwv= I￿
￿￿ dqg I￿
￿3￿￿ zklfk ghqrwh
wkh qxpehu ri ydfdqflhv oohg e| xqhpsor|hg zrunhuv ri vfkrrolqj l lq
vhjphqw l dqg l  4 uhvshfwlyho|1 Vlqfh wkh udwh dw zklfk dq hhfwlyh
















wkh wrwdo qxpehu ri klulqjv iru xqhpsor|hg zrunhuv ri hgxfdwlrq ohyho l














































































Lq wklv vhwwlqj/ wkh suhvhqfh ri mre frpshwlwlrq fdq dovr h{sodlq vrph
glvsdulw| ehwzhhq mre qglqj udwhv e| vfkrrolqj ohyhov1 Lq rughu wr dqdo0
|vh wkh uroh ri mre frpshwlwlrq rq wkh klulqj udwh/ zh lpsrvh wkh devhqfh
ri vnloo plvpdwfk +;l =  ￿￿ @  ￿,/ htxdo dyhudjh pdwfklqj hhfwlyhqhvv
dfurvv vhjphqwv +;l = h￿ @ h, dqg FUV + .  @4 ,1 Xqghu wkhvh dv0










































Lq htxdwlrq +7143,/ wkh glvsdulw| ri wkh mre qglqj udwhv ehwzhhq vfkrro0
lqj ohyhov fdq rqo| eh h{sodlqhg e| mre frpshwlwlrq1 Wkh uvw dqg wkh
vhfrqg whup ehwzhhq eudfnhwv uhsuhvhqwv/ uhvshfwlyho|/ wkh qhjdwlyh hi0
ihfw ri frpshwlwlrq iurp wkh kljkhu vfkrrolqj ohyho rq wkh klulqj udwh
dqg wkh srvlwlyh hhfw ri vhdufklqj iru grzqjudglqj mrev1 Xqgrxewhgo|/
wkh klulqj udwh ri wkh orzhvw hgxfdwhg zrunhuv lv qhjdwlyho| dhfwhg e|495 Fkdswhu 7
mre frpshwlwlrq vlqfh wkh| duh qrw deoh wr furzg rxw dq| rwkhu zrunhuv1
Olnhzlvh/ wkh klulqj udwh ri zrunhuv zkr frpsohwh wkh kljkhvw vfkrrolqj
ohyho fdq rqo| eh srvlwlyho| dhfwhg e| mre frpshwlwlrq vlqfh wkh| duh
surwhfwhg iurp dq| frpshwlwlrq1 Iru wkh lqwhuphgldwh vfkrrolqj ohyhov/
wkh hhfw ri furzglqj rxw rq wkhlu rxw rz udwh ghshqgv rq wkh frp0
shwlwlrq wkh| idfh iurp wkh kljkhu hgxfdwlrq ohyho dv frpsduhg wr wkh
frpshwlwlrq wkh| h{huw rq wkh orzhu ohyho1 Qrwlfh wkdw zlwk lqfuhdvlqj
uhwxuqv wr vfdoh/ orz vnloohg xqhpsor|hg zrunhuv frxog dfwxdoo| ehqhw
iurp wkh frpshwlwlrq ri kljkhu vnloohg zrunhuv vlqfh d juhdwhu qxpehu ri
hhfwlyh mre vhhnhuv lpsolhv d kljkhu pdwfklqj udwh/ rwkhu wklqjv ehlqj
htxdo1
716 Wkh gdwd
Rxu dqdo|vlv h{sorlwv txduwhuo| fhqvxv gdwd uhodwlyh wr pdoh zrunhuv
hqwhulqj lqvxuhg xqhpsor|phqw lq Zdoorqld1 Doo wkhvh shrsoh zhuh suh0
ylrxvo| hpsor|hg dqg duh ixoo0wlph uhjlvwhuhg1 Ehvlghv wkh txduwhu ri
lq rz/ wkhvh gdwd duh vwudwlhg dffruglqj wr d olplwhg qxpehu ri fkdu0
dfwhulvwlfv= wkh xqhpsor|phqw gxudwlrq/ wkh djh jurxs +ohvv wkdq 5<
|hduv rog/ dqg ehwzhhq 5< dqg 77 |hduv rog, dqg wkh hgxfdwlrqdo ohyho1
Hgxfdwlrq lv jurxshg lqwr irxu fodvvhv= +4, qr hgxfdwlrq ru hohphqwdu|
vfkrro/ +5, orzhu vhfrqgdu|/ +6, xsshu vhfrqgdu| dqg +7, kljkhu hgxfd0
wlrq1 Wkh yduldeohv l 5i 4>5>6>7j dqg d 5i 4>5j ghqrwh wkh vfkrrolqj
dqg djh jurxs uhvshfwlyho|1
Lq rxu gdwd vhw/ wkh lq rz lq d jlyhq txduwhu lv htxdo wr wkh qxpehu ri
zrunhuv hqwhulqj xqhpsor|phqw lq wklv txduwhu dqg zkr duh vwloo xqhp0
sor|hg dw wkh hqg ri wkh txduwhu lq zklfk wkh| hqwhu441 Wkh revhuydwlrq
shulrg frqvlvwv ri 4< txduwhuo| lqwhuydov45/ wkh uvw lqwhuydo vwduwlqj rq
wkh 4|￿ ri Mxqh 4<;</ wkh odvw rqh hqglqj rq wkh 5;|￿ ri Iheuxdu| 4<<71
Vr wkhuh duh 4; frkruwv ri xqhpsor|hg46 +d frkruw ehlqj ghqhg e| lwv
txduwhu ri lq rz,/ vwudwlhg e| djh jurxs dqg vfkrrolqj ohyho1 Iru hdfk
￿￿Wklv uhvwulfwlrq doorzv wr qhjohfw whpsrudu| h{lwv +iru dgplqlvwudwlyh uhdvrqv iru
h{dpsoh,1
￿2Irxu txduwhuv duh ghqhg= +Mxq/Mxo/Dxj,> +Vhs/Rfw/Qry,> +Ghf/Mdq/Ihe,>
+Pdu/Dsu/Pd|,1
￿￿Wkhuh duh 4; frkruwv lqvwhdg ri 4< dv wkhuh lv/ e| ghqlwlrq/ qr h{lw ghqhg iru
wkrvh hqwhulqj wkh xqhpsor|phqw srro lq wkh 4<
|￿ txduwhu1Fkdswhu 7 496
frkruw/ wkh rxw rzv iurp xqhpsor|phqw duh frxqwhg rq d txduwhuo| ed0
vlv/ iurp wkh wlph ri lq rz xs wr irxu txduwhuv ri xqhpsor|phqw ru xs wr
wkh hqg ri Iheuxdu| 4<<7/ gdwh dw zklfk doo vshoov duh uljkw fhqvruhg1 Ohw
wkh yduldeohv f dqg n ghqrwh uhvshfwlyho| fdohqgdu wlph dw wkh prphqw
ri rxw rz dqg xqhpsor|phqw gxudwlrq1 Wkhvh yduldeohv duh phdvxuhg
lq txduwhuv1 Zh kdyh wkdw f 5i 4>5>===>4;j dqg n 5i 4>5>6>7j1E |f r q 0
vwuxfwlrq/ fdohqgdu wlph dw wkh prphqw ri lq rz/ o/l vh t x d ow rfn1L q
wkh vhtxho/ wkh vxevfulsw { uhsodfhv dw wlphv vxevfulswv d dqg n1
Vr rxu gdwd surylgh lqirupdwlrq rq X￿
@&S/ wkh qxpehu ri lqglylgxdov
ri vfkrrolqj l dqg djh d z k rk d y he h h qx q h p s o r | h gi r un  4 txduwhuv
dqg zkr duh dw ulvn ri ohdylqj xqhpsor|phqw zlwklq wkh f|￿ txduwhu/
dqg rq I￿
@&S/ wkh qxpehu ri wkhvh lqglylgxdov zkr ohdyhv xqhpsor|phqw
zlwklq wkh f|￿ fdohqgdu wlph lqwhuydo1 Zh wkhuhiruh dvvxph wkdw oolqj
d ydfdqw mre +lq vhjphqw l ru l  4, lv wkh rqo| uhdvrq ri  rzlqj rxw
ri xqhpsor|phqw1 Wkhuh duh wzr srwhqwldo vrxufhv ri eldv zkhq wkh
qxpehu ri oohg ydfdqflhv lv dssur{lpdwhg e| wkh qxpehu ri zrunhuv
 rzlqj rxw xqhpsor|phqw1
Iluvw/ rxu gdwd gr qrw doorz xv wr lghqwli| xqhpsor|phqw vshoov hqglqj
lq hpsor|phqw1 Zrunhuv pd|  rz rxw ri xqhpsor|phqw wr sduwlflsdwh
lq d oderxu pdunhw vfkhph ru wr zlwkgudz iurp wkh oderxu irufh1 Vlqfh
wkh vl}h ri wkhvh pryhphqwv pd| ydu| ryhu wkh f|foh +vhh Shwurqjror
dqg Slvvdulghv 5334,/ wkh| fdq ohdg wr eldvhg hvwlpdwhv ri wkh pdwfklqj
hodvwlflwlhv1 Rxu uhvxowv vkrxog eh pdujlqdoo| dhfwhg wkrxjk/ jlyhq
wkdw hpsor|phqw lv wkh prvw iuhtxhqw vwdwh ri h{lw iru pdoh xqhpsor|hg
zrunhuv= Derxw ::( ri wkhp ohdyh iru hpsor|phqw +vhh IRUHP 4<<8,1
Lq rxu vdpsoh/ wklv iudfwlrq pxvw eh odujhu1 Iru/ wkh uhsruwhg jxuh
lqfoxghv xqhpsor|hg zrunhuv roghu wkdq 77 |hduv1 Wkhvh zrunhuv riwhq
hqwhu d nlqg ri hduo|0uhwluhphqw vfkhph/ d srolf| khdylo| xvhg diwhu wkh
plg hljkwlhv lq Ehojlxp iru roghu zrunhuv1 Pruhryhu/ rxu ydfdqf| gdwd
dovr lqfoxgh mrev lq sxeolf hpsor|phqw vfkhphv/ dovr fdoohg cuholhi mrev*47/
h{foxghg iurp wkh iudfwlrq ri ::(1 D vhfrqg srwhqwldo vrxufh ri eldv lv
wkh qrq0revhuydelolw| ri wkh  rz iurp mre wr mre1 Ljqrulqj wklv  rz pd|
dovr eldv wkh pdwfklqj hodvwlflwlhv vlqfh wkh iudfwlrq ri hpsor|hg mre
vhhnhuv oolqj ydfdqflhv ydulhv ryhu wkh exvlqhvv f|foh +vhh h1j1 Eurhuvpd
￿eGluhfw mre fuhdwlrq iru wkh xqhpsor|hg jhqhudwhv ydfdqflhv wkdw duh uhjlvwhuhg e|
wkh sxeolf hpsor|phqw djhqf|1497 Fkdswhu 7
dqg Ydq Rxuv 4<<;,1 Krzhyhu/ zh h{shfw wklv eldv wr eh vpdoo/ vlqfh
mre rhuv duh dvvxphg wr eh sursruwlrqdo wr wkh ydfdqflhv uhjlvwhuhg
dw wkh sxeolf hpsor|phqw djhqf|1 Wkhvh rhuv duh sulpdulo| dlphg dw
xqhpsor|hg mre vhhnhuv1
Wkh iudfwlrq ri zrunhuv zlwk vfkrrolqj l dqg w|sh { z k r o ody d f d q f |
gxulqj wkh wlph lqwhuydo f lv wkhuhiruh htxdo wr wkh hpslulfdo h{lw sure0
delolw|/ a S￿








Wdeoh 714 jlyhv wkh hpslulfdo rxw rz suredelolw| lq wkh uvw gxudwlrq
txduwhu e| vfkrrolqj ohyho/ dyhudjhg ryhu wkh revhuydwlrq shulrg dqg
djh1 Wkh klulqj suredelolw| ulvhv zlwk wkh hgxfdwlrq ohyho/ wkh pdujlqdo
lqfuhdvh ehlqj wkh odujhvw iru wkh kljkhvw hgxfdwhg zrunhuv1
Wdeoh 714= Dyhudjh hpslulfdo rxw rz suredelolw| lq wkh uvw gxudwlrq
lqwhuydo e| ohyho ri hgxfdwlrq
P
i
Higher education (i = 4) 0.64
Upper secondary (i = 3) 0.39
Lower secondary (i = 2) 0.30
No education or elementary school (i = 1) 0.28
Iljxuh 715 vkrzv wkh gh0vhdvrqdolvhg hyroxwlrq ri wkhvh suredelolwlhv
ryhu wlph1 Lq rughu wr irfxv rq wkh wlph hyroxwlrq/ zh qrupdolvh wkh
suredelolw| wr rqh dw wkh uvw fdohqgdu wlph lqwhuydo +dxwxpq 4<;<,1
Wkh ghwhulrudwlrq ri wkh hfrqrplf frqglwlrqv iurp wkh hduo| qlqhwlhv lv
dvvrfldwhg zlwk d pdunhg ghfolqh ri wkh klulqj suredelolwlhv1 Krzhyhu/
wkh rxw rz suredelolw| ri wkh ohvv hgxfdwhg zrunhuv +ehorz kljkhu hg0
xfdwlrq, lv pruh khdylo| klw e| wkh uhfhvvlrq lq 4<<6 wkdq wkh rqh ri
wkh kljkhvw hgxfdwhg zrunhuv= Wkh h{lw suredelolw| ri wkh ohvv hgxfdwhg
gursv e| derxw 68( lq Dxjxvw 4<<6 frpsduhg wr lwv ohyho lq Qryhpehu




















































































































Primary Lower secondary Upper secondary Higher education
Iljxuh 715= F|folfdo ghshqghqfh ri wkh hpslulfdo rxw rz suredelolw| e|
ohyho ri hgxfdwlrq
Wkhuh lv dovr vrph vhdvrqdo yduldwlrq lq wkh rxw rz suredelolw|1 Dv
h{shfwhg/ wkh vxpphu dqg wkh zlqwhu wlph lpshgh d orw wkh h{lw iurp
xqhpsor|phqw/ zkloh wkh oderxu pdunhw frqglwlrqv duh pruh idyrxudeoh
lq wkh dxwxpq dqg lq wkh vsulqj1
Rxu dqdo|vlv dovr h{sorlwv wkh qxpehu ri mre ydfdqflhv uhjlvwhuhg dw wkh
sxeolf hpsor|phqw djhqf|/ lqfoxglqj uholhi mrev1 H{fhsw iru wkhvh mrev
zkhuh uhjlvwudwlrq lv v|vwhpdwlf/ wkh ghflvlrq wr uhjlvwhu lv dfwxdoo| wdnhq
e| wkh hpsor|huv1 Gxulqj wkh shulrg ;<0<7/ mre rhuv duh qrw fodvvlhg
dffruglqj wr wkh uhtxluhg hgxfdwlrq ohyho481V r z h g r q r w r e v h u y h Y￿S/
exw rqo| YS1
Wkh ydfdqf| gdwd surylgh lqirupdwlrq rq wkh vwrfn ri ydfdqflhv dw wkh
ehjlq ri wkh fdohqgdu wlph lqwhuydo f/ YV S/ dqg wkh  rz ri qhz ydfdqflhv
ehwzhhq f  4 dqg f/ YI S1 Iroorzlqj suholplqdu| hvwlpdwlrqv rq wkh
pdwfklqj ixqfwlrq/ zh rqo| uhwdlq wkh qxpehu ri qhz mre rhuv wkrxjk1
Iru/ rqo| wkh lq rz ri qhz ydfdqflhv vljqlfdqwo| dhfwv wkh qxpehu ri
pdwfkhv491 Vlqfh wkh vwrfn ri ydfdqflhv grhv qrw lq xhqfh vljqlfdqwo|
￿DWklv lqirupdwlrq lv dydlodeoh vlqfh Rfwrehu 4<<81
￿SWklv qglqj lv frpsdwleoh zlwk wkh vwrfn0 rz pdwfklqj prgho ri Frohv dqg Vplwk
+4<<;,1 Lq wkhlu vhwwlqj/ xqhpsor|hg zrunhuv kdyh frpsohwh lqirupdwlrq derxw wkh
dydlodeoh mre rhuv dqg dsso| vlpxowdqhrxvo| wr doo wkh rqhv wkdw wkh| qg dffhswdeoh1
Wklv dvvxpswlrq lpsolhv wkdw wkh vwrfn ri xqhpsor|hg zrunhuv rqo| pdwfk zlwk wkh499 Fkdswhu 7




zkhuh vxshuvfulswv R dqg U vwdqg iru cruglqdu|* dqg cuholhi* ydfdqflhv
uhvshfwlyho|1 Wkh sdudphwhu  doorzv wr h{dplqh wkh uhodwlyh lpsru0
wdqfh ri gluhfw mre fuhdwlrq iru wkh xqhpsor|hg lq wkh rxw rz surfhvv




















































































































Ordinary jobs Relief jobs
Iljxuh 716= Iorz ri mre rhuv dw wkh Sxeolf Hpsor|phqw Djhqf|
Iljxuh 716 vkrzv wkh  rz ri erwk w|shv ri mre rhuv gxulqj rxu re0
vhuydwlrq shulrg1 Wkh vkduh ri gluhfw mre fuhdwlrq lq wkh wrwdo qxpehu
ri ydfdqflhv uhjlvwhuhg e| wkh hpsor|phqw djhqf| lv uhodwlyho| kljk +rq
dyhudjh 63(,l qf r p s d u l v r qz l w kw k h l uv k d u hl qw r w d oh p s o r | p h q w 1U h j 0
lvwudwlrq ri uholhi mrev lv lqghhg v|vwhpdwlf zkloh ydfdqflhv uhjlvwhuhg e|
wkh hpsor|huv dw wkh hpsor|phqw djhqf| uhsuhvhqw rqo| d sursruwlrq ri
wkh wrwdo qxpehu ri ydfdqw mrev lq wkh hfrqrp| +73( lq 4<<8/ vhh RHFG
4<<:e,1 Wkh  rz ri ruglqdu| ydfdqflhv suhvhqwv d ghfolqlqj wuhqg zklfk
frlqflghv zlwk wkh hfrqrplf grzqwxuq fkdudfwhulvlqj wkh hduo| qlqhwlhv1
 rz ri qhz mre rhuv zkloh qhz hqwudqwv lqwr xqhpsor|phqw rqo| survshfw wkh h{lvwlqj
vwrfn ri ydfdqflhv1 Frohv dqg Vplwk*v dvvxpswlrq fdswxuhv d uhdolvwlf ihdwxuh ri vrph
vhdufk pdunhwv/ vxfk dv wkh sxeolf hpsor|phqw djhqf|/ zkhuh lqirupdwlrq rq mre
rhuv lv kljko| fhqwudolvhg dqg gluhfwo| dydlodeoh1Fkdswhu 7 49:
Wkh ghfuhdvh lq wkh  rz ri uholhi mrev lv pruh vxusulvlqj vlqfh zh zrxog
h{shfw kljkhu rxwod|v iru gluhfw mre fuhdwlrq lq uhfhvvlrqv1 Lw lv udwkhu
exgjhw uhvwulfwlrqv dqg lqfuhdvhg h{shqglwxuhv rq wudlqlqj vfkhphv lq
wkh hduo| qlqhwlhv wkdw zrxog h{sodlq wkh ghfolqlqj lpsruwdqfh ri uholhi
mrev lq Zdoorqld1 Wkhuh duh dovr vrph vhdvrqdo yduldwlrqv lq wkh qxpehu
ri ydfdqw mrev1 Dv h{shfwhg/ wkh vxpphu wlph lpshghv d orw wkh qxpehu
ri mre rhuv zkloh wkhvh duh wkh odujhvw lq wkh vsulqj1
Wkh qxpehu ri xqhpsor|hg zrunhuv dw wkh vwduw ri wkh wlph lqwhuydo
f/ X￿
S/ lv frpsxwhg iurp rxu gdwd rq X￿
%S vxfk dv ghqhg deryh1 Vlqfh
zh kdyh dq lq rz gdwd vhw/ qrw doo gxudwlrq fodvvhv duh uhsuhvhqwhg dw
wkh ehjlq ri wkh revhuydwlrq shulrg1 Iru wkh uvw wkuhh fdohqgdu wlph
lqwhuydov/ wkhuh duh vrph gxudwlrqv plvvlqj1 Zh hvwlpdwh wkh qxpehu
ri xqhpsor|hg lq wkh plvvlqj gxudwlrq fodvvhv e| h{sorlwlqj wkh lqiru0
pdwlrq rq wkh qxpehu ri xqhpsor|hg zrunhuv lq wkh revhuyhg gxudwlrq
fodvvhv1 Wkh zd| zh hvwlpdwh wkhvh qxpehuv fdq eh irxqg lq Dsshqgl{
51 Zlwkrxw oolqj wkh plvvlqj gdwd/ wkhuh zrxog eh dq duwlfldo lqfuhdvh
lq wkh qxpehu ri xqhpsor|hg zrunhuv dv wlph surfhhgv/ dhfwlqj wkh
hvwlpdwlrq ri wkh pdwfklqj hodvwlflwlhv1 Lq rughu wr hydoxdwh wkh vhqvl0
wlylw| ri rxu uhvxowv wr rxu fruuhfwlrq/ zh frpsduh wkhp wr wkh uhvxowv
rewdlqhg e| pdnlqj wkh revhuydwlrq shulrg vwduw dw wkh irxuwk fdohqgdu
wlph lqwhuydov1 Hvwlpdwlrq uhvxowv duh vlplodu1
Wkh qxpehu ri xqhpsor|hg zrunhuv lq hdfk vfkrrolqj ohyho lv ghslfwhg lq
Iljxuh 7171 Jlyhq wkdw gxudwlrq lv fhqvruhg dw irxu txduwhuv lq rxu gdwd
vhw/ wkhvh duh rqo| vkruw0whup xqhpsor|hg zrunhuv4:1 Xqhpsor|phqw
ulvhv iru doo ohyhov ri hgxfdwlrq/ wkh lqfuhdvlqj wuhqg ehlqj pxfk ohvv
surqrxqfhg iru wkh kljkhvw hgxfdwhg zrunhuv1 Doo vhulhv suhvhqw vrph
vhdvrqdolw| zklfk lv vlplodu wr wkh rqh revhuyhg lq wkh  rz ri mre rhuv=
shdn lq wkh vsulqj dqg r0shdn lq wkh vxpphu1
￿.Lq wkh dqdo|vlv/ lw lv dvvxphg wkdw wkh orqj0whup xqhpsor|hg zrunhuv +zlwk d
gxudwlrq odujhu wkdq rqh |hdu, duh qrw hhfwlyh fdqglgdwhv iru wkh mre rhuv +wkhlu




















































































































Primary Lower secondary Upper secondary Higher education
Iljxuh 717= Vkruw0whup xqhpsor|phqw e| ohyho ri hgxfdwlrq
717 Wkh uhjuhvvlrq prgho
Lq wkh wkhruhwlfdo prgho/ zh dvvxphg wkdw wkh mre pdunhw lv vhjphqwhg
e| vfkrrolqj ohyho l dqg wkdw hdfk vhjphqw lv fkdudfwhulvhg e| wkh vdph
mre pdwfklqj whfkqrorj|1 Zlwklq hdfk vhjphqw/ zrunhuv duh khwhurjh0
qhrxv dqg phhw ydfdqflhv zlwk glhuhqw udwhv ri hhfwlyhqhvv1 Lq wkh
hpslulfdo dqdo|vlv/ zh dvvxph wkdw wkh pdwfklqj hhfwlyhqhvv ri dq lq0
glylgxdo rqo| ydulhv dffruglqj wr wkh wzr revhuyhg glphqvlrqv= wkh djh
fodvv d d q gw k hh o d s v h gx q h p s o r | p h q wg x u d w l r qw1D vl qY d qR x u vd q g
Ulgghu +4<<8,/ zh dvvxph wkdw wkh pdwfklqj hhfwlyhqhvv grhv qrw gh0
shqg rq wkh hgxfdwlrqdo ohyho4;1 Dv vxfk/ zh fdq ghqrwh wkh kd}dug udwh
ri dq| zrunhu e| k￿
@|￿ dqg wkh lqglylgxdo pdwfklqj hhfwlyhqhvv e| h@|1
Wr uhodwh k￿
￿ wr k￿
@|￿/ qrwh wkdw wkh udwh dw zklfk dq hhfwlyh xqhpsor|hg
zrunhu zlwk vfkrrolqj ohyho l d q gr e v h u y h gf k d u d f w h u l v w l f vd dqg w qgv
d mre lv wkh vdph iru doo w|shv ri hhfwlyh mre vhhnhuv=
￿HVlqfh xqhpsor|phqw gxudwlrq dqg djh duh sduwldoo| fruuhodwhg zlwk wkh hgxfd0
wlrqdo dwwdlqphqw/ wkh odwwhu yduldeohv pd| fdswxuh vrph khwhurjhqhlw| lq wkh vhdufk























￿ l vj l y h ql q+ 7 1 ; , 1
Wkh wkhruhwlfdo prgho zdv irupxodwhg lq frqwlqxrxv wlph1 Wkh dg0
ydqwdjh ri vxfk d irupxodwlrq lv wkdw wkh prgho vshflfdwlrq grhv qrw
ghshqg rq wkh wlph xqlw fkrvhq +vhh Iolqq dqg Khfnpdq 4<;5,1 Wkh gdwd
xvhg iru wkh hpslulfdo dqdo|vlv duh/ krzhyhu/ rqo| dydlodeoh dw txduwhuo|
lqwhuydov1 Wkh  rz ri qhz ydfdqflhv/ YS/ lv wkh vxp ri wkrvh ydfdqflhv
rshqhg ehwzhhq f  4 dqg f/ I￿
%S lv wkh vxp ri lqglylgxdov  rzlqj iurp
xqhpsor|phqw ehwzhhq f  4 dqg f/d q gX￿
S lv wkh vwrfn ri xqhpsor|hg
zrunhuv suhvhqw dw wkh ehjlqqlqj ri txduwhu f1 Wkh dvvxpswlrq wkdw wkhvh
yduldeohv dqg h@| duh frqvwdqw zlwklq hdfk txduwhuo| lqwhuydo doorzv dq
h{dfw uhodwlrq ehwzhhq wkh frqwlqxrxv wlph prgho dqg wkh glvfuhwh wlph
gdwd=
;w 5 ^n  4>n,> 5 ^f  4>f,=k￿
@|￿ @ k￿
@&S +7148,




















zkhuh wkh dyhudjh pdwfklqj hhfwlyhqhvv ri wkh xqhpsor|hg zrunhuv ri









Lwv ghshqghqfh rq wkh vfkrrolqj ohyho l rqo| uh hfwv wkdw wkh frpsrvlwlrq
ri hhfwlyh mre vhhnhuv glhuv ehwzhhq vhjphqwv1
Vlqfh mre rhuv duh qrw fodvvlhg dffruglqj wr wkh uhtxluhg hgxfdwlrq
ohyho lq rxu gdwd vhw/ wkh glvwulexwlrq ri wkh wrwdo qxpehu ri mre rhuv
uhtxlulqj hgxfdwlrq ohyho l lv xqnqrzq dorqjvlgh zlwk wkh mre frpshwlwlrq
sdudphwhuv1 Lw zrxog eh wrr uhvwulfwlyh wr lpsrvh wkdw wkh wrwdo qxpehu
ri mre rhuv e| vfkrrolqj ohyho lv rqo| d vkduh ri wkh mre rhuv qrwlhg
dw wkh sxeolf hpsor|phqw djhqf|1 Iru/ wkh odwwhu uhsuhvhqw d +ydu|lqj,
sursruwlrq ri wkh wrwdo qxpehu ri ydfdqw mrev lq wkh hfrqrp|1 Iru
lqvwdqfh/ wklv sursruwlrq zdv hvwlpdwhg dw durxqg 73( lq 4<<8 +vhh
RHFG 4<<:e,1 Iru wkh kljkhvw hgxfdwlrq ohyhov/ wklv sursruwlrq pxvw
eh vpdoohu vlqfh wkh suredelolw| wkdw dq hpsor|hu qrwlhv d mre dw wkh
hpsor|phqw djhqf| lv olnho| wr ghfuhdvh zlwk wkh vfkrrolqj ohyho ri wkh
zrunhu lq ghpdqg1 Zh wkhuhiruh dvvxph wkdw wkh vkduh ri mre rhuv e|
vfkrrolqj ohyho/ y￿S/ lv sursruwlrqdo wr wkh revhuyhg qxpehu ri mre rhuv/
YS/ zlwkrxw uhtxlulqj wkdw wkh vxp ri wkhvh vkduhv lv htxdo wr rqh=
;l = Y￿S @ y￿SYS +714;,
Hvwlpdwlqj wkh glvwulexwlrq ri mre rhuv e| vfkrrolqj ohyho4< fdq wxuq
rxw wr eh d ehwwhu vwudwhj| wkdq h{sorlwlqj gdwd rq wkh qxpehu ri mre
ydfdqflhv e| ohyho ri hgxfdwlrq1 Iru/ wkh vfkrrolqj ohyho uhjlvwhuhg lq
wkh hpsor|phqw djhqf| lv wkh ohyho uhtxluhg e| wkh hpsor|hu lq wkh
klulqj surfhvv dqg qrw qhfhvvdulo| wkh rqh uhtxluhg wr shuirup wkh mre1
Iru lqvwdqfh/ hpsor|huv frxog lqfuhdvh wkhlu hgxfdwlrqdo uhtxluhphqwv
lq rughu wr dwwudfw wkh ehvw fdqglgdwhv iru wkh mre ru vlpso| ehfdxvh
wkh| nqrz wkdw wkhuh lv d odujh qxpehu ri kljko| hgxfdwhg mre vhhnhuv
+vhh Juhhq hw do1 4<<<,1 Rq wkh rwkhu kdqg/ hpsor|huv frxog irupdoo|
dvn iru d orzhu hgxfdwlrq ohyho wkdq dfwxdoo| uhtxluhg iru wkh mre zkloh
klulqj rqo| fdqglgdwhv zlwk wkh uhtxluhg vfkrrolqj1 Wklv vwudwhj| zrxog
doorz wr orzhu zdjhv ri qhz hqwudqwv lq rffxsdwlrq zkhuh wkh hgxfdwlrqdo
dwwdlqphqw sod|v dq lpsruwdqw uroh lq zdjh ghwhuplqdwlrq +vhh Kduwrj
5333,1
￿bQrwlfh wkdw zh frxog qrw lqwhusuhw wkh sdudphwhu ￿S dv ydfdqf| sdudphwhu e|
hgxfdwlrq ohyho li wkh pdwfklqj h!flhqf|/ e%/ zdv ghshqghqw rq 1 Iru/ ￿S zrxog wkhq
eh wkh surgxfw ri d ydfdqf| dqg dq h!flhqf| sdudphwhu1Fkdswhu 7 4:4
Iru sxusrvhv ri lghqwlfdwlrq +vhh Dsshqgl{ 6,/ zh fdqqrw doorz iru
lqwhudfwlrqv ehwzhhq fdohqgdu wlph dqg vfkrrolqj ohyho iru erwk ydfdqf|
dqg mre frpshwlwlrq sdudphwhuv1 Zh lpsrvh d frpprq hyroxwlrq wr
wkh mre frpshwlwlrq sdudphwhuv dqg ohw wkh ydfdqf| sdudphwhuv hyroyh
glhuhqwo| dffruglqj wr wkh hgxfdwlrq ohyho1 Lw vhhpv uhdolvwlf wr dvvxph
wkdw wkh glvwulexwlrq ri mre rhuv e| vfkrrolqj ohyho ydulhv wkurxjk wkh
exvlqhvv f|foh1 Ehvlghv/ lpsrvlqj d frpprq wlph ghshqghqfh wr wkh
mre frpshwlwlrq sdudphwhuv grhv qrw lpso| wkdw wkh qxpehu ri ryhuhg0
xfdwhg mre vhhnhuv lq hdfk vhjphqw/ ￿n￿
S X￿n￿
S / hyroyhv vlploduo| wkurxjk
wlph1 Zh uhsuhvhqw wkh wlph ghshqghqfh ri y￿S dqg ￿
S e| wkh iroorzlqj
sdudphwulf vshflfdwlrq/ lq zklfk zh ghfrpsrvh erwk ixqfwlrqv lqwr d






























>l @5 >6>7 +7153,
Wkh wlph ghshqghqfh ri wkh ydfdqf| dqg mre frpshwlwlrq sdudphwhuv
lv vshflhg zlwk d vhfrqg ghjuhh sro|qrpldo lq fdohqgdu wlph/ s? +f,/
fdswxulqj exvlqhvv f|foh hhfwv/ dqg zlwk gxpp| yduldeohv/ v+f,/f d s 0
wxulqj vhdvrqdo hhfwv531 Wr dyrlg pxowl0froolqhdulw| sureohpv/ zh iroorz
Deeulqj hw do1 +5334e, dqg xvh wkh ruwkrjrqdo Fkhe|vkhy sro|qrpldo
l q v w h d gr id qr u g l q d u |s r o | q r p l d o 541
2fLq wkh hvwlpdwlrq/ zh wdnh wkh vhdvrqdo gxpplhv lq ghyldwlrq iurp wkhlu phdq1
2￿Wkh vhulhv ri Fkhe|vkhy sro|qrpldov lv rewdlqhg dv iroorzv +vhh Deudprzlw} dqg
Vwhjxq 4<:3/ Wdeoh 5516,1 Iluvw/ olqhduo| wudqvirup wkh grpdlq ri fdohqgdu wlph wr
wkh grpdlq ri ruwkrjrqdolw| ri wkh Fkhe|vkhy Sro|qrpldo/ d3co/e |p h d q vr i+ % ' S
dqg %f ' ,=
	 %E%'2
%3%3
?3￿ 3 / zkhuh ? E' H lv wkh qxpehu ri fdohqgdu wlph lqwhuydov frq0
vlghuhg1










￿32￿ iru  ' c2 dqg iru  M -
n4:5 Fkdswhu 7
Vlqfh zh hvwlpdwh dqg gr qrw frqglwlrq rq wkh revhuyhg qxpehu ri
ydfdqflhv e| ohyho ri hgxfdwlrq/ wkh uhdghu pljkw eh zruulhg wkdw wkh
qxpehu ri xqhpsor|hg zrunhuv e| ohyho ri hgxfdwlrqdo dwwdlqphqw lv
fruuhodwhg zlwk wkh uhvlgxdov ri wkh uhjuhvvlrq prgho1 Wklv lv ehfdxvh
hpsor|huv duh olnho| wr dgmxvw wkh qxpehu ri ydfdqflhv dw d sduwlfxodu
vnloo ohyho wr wkh qxpehu ri dydlodeoh zrunhuv dw wkdw vnloo ohyho +vhh
h1j1 Jdxwlhu 5334,1 Li wkh dfwxdo qxpehu ri rshqhg ydfdqflhv ghyldwhv
iurp wkh hvwlpdwhg rqh/ wklv lqgxfhv wkh deryh0phqwlrqhg fruuhodwlrq1
Zh fodlp wkdw rxu vshflfdwlrq ri Y￿S lv vx!flhqwo|  h{leoh wr fdswxuh
wkh vwuxfwxudo ehkdylrxu ri hpsor|huv/ vr wkdw udqgrp ghyldwlrqv duh
xqolnho| wr eh fruuhodwhg zlwk wkh qxpehu ri xqhpsor|hg zrunhuv ri d
sduwlfxodu hgxfdwlrqdo ohyho1
Ilqdoo|/ zh sdudphwulvh h% dffruglqj wr d sursruwlrqdo vshflfdwlrq=








zkhuh ￿& lv wkh Nurqhfnhu ghowd/ & lv wkh gxudwlrq hhfw dqg 2 lv wkh
djh hhfw +l1h1 ehlqj djhg 5<077,1 Zh qrupdolvh h￿￿ @4 1
Zh qrz wxuq wr d ghvfulswlrq ri wkh hvwlpdwlrq surfhgxuh1 Vlqfh zh uho|
rq jurxshg gdwd/ Plqlpxp Fkl0Vtxduhv lv d qdwxudo hvwlpdwlrq phwkrg
+Ehunvrq 4<77/ Dphpl|d 4<;4> iru dq dssolfdwlrq rq wudqvlwlrq gdwd/
vhh Frfn{ 4<<: dqg Frfn{ dqg Ulgghu 5334,1 Lq d qxwvkhoo/ wklv phwkrg
frqvlvwv lq uhjuhvvlqj d wudqvirupdwlrq ri wkh hpslulfdo h{lw suredelolw|/
a S￿
%S/ wr lwv wkhruhwlfdo frxqwhusduw1 Wkh wkhruhwlfdo suredelolw| dw wkh
n|￿ gxudwlrq lqwhuydo iru d zrunhu ri vfkrrolqj l dqg djh jurxs d zkr lv
dw ulvn ri ohdylqj xqhpsor|phqw zlwklq wkh f|￿ txduwhu lv=
S￿
%S  Su+n  4  W?n mW  n  4>f>l>d, +7155,
Zh wkhq olqn wklv suredelolw| wr wkh kd}dug udwh ghqhg lq +7149,=
S￿
%S @
V +n  4, V +n,







zkhuh V +n, lv wkh vxuylyru ixqfwlrq dw xqhpsor|phqw gxudwlrq n dqg lv
jlyhq e|=Fkdswhu 7 4:6









zkhuh f @ o . v1 Lqyhuwlqj wkh uhodwlrqvkls +7156, |lhogv=
}￿













Li zh uhsodfh wkh suredelolw| ri ohdylqj xqhpsor|phqw e| lwv hvwlpdwh/
a S￿
%S/ lq +7158,/ wkh htxdolw| ri wklv htxdwlrq grhv qr orqjhu krog h{dfwo|1
Iru wkh hpslulfdo rxw rz suredelolw| lv fdofxodwhg rq wkh edvlv ri d qlwh








Wd|oru vhulhv durxqg S￿
%S1 Zh wkhq rewdlq d qrq0olqhdu khwhurvnhgdvwlf
uhjuhvvlrq prgho=
a }￿







%S>l @4 >5>6>7 +7159,
zkhuh $￿
%S lv wkh dssur{lpdwlrq huuru wkdw uh hfwv wkh vwrfkdvwlf qdwxuh
ri wkh hpslulfdo rxw rz suredelolw| a S￿
%S dqg zkhuh %￿
%S lv d vshflfdwlrq
huuru zklfk doorzv iru udqgrp ghyldwlrq iurp wkh wuxh vshflfdwlrq ri
wkh rxw rz udwh1 Zh hvwlpdwh wkh vwdwlvwlfdo prgho +7159, e| Jhqhudol}hg
Qrq0Olqhdu Ohdvw Vtxduhv1 Wkh ghwdlov ri wkh hvwlpdwlrq surfhgxuh fdq
e hi r x q gl qD s s h q g l {7 1
E h f d x v hz hk d y hj u r x s h gg d w d /z hf d qx v hd"20jrrgqhvv0ri0w whvw
wr hydoxdwh wkh prgho vshflfdwlrq +vhh Dphpl|d 4<;4,1 Wkh zhljkwhg
vxp ri vtxduhg uhvlgxdov +ZVVU, lv glvwulexwhg "2
￿3￿w li wkh prgho
lv fruuhfwo| vshflhg/ zkhuh Q ghqrwhv wkh qxpehu ri fhoov dqg Qw lv
wkh qxpehu ri sdudphwhuv1 Pruhryhu/ zh fdq whvw wkh dffhswdelolw| ri
uhvwulfwlrqv rq wkh sdudphwhuv/ iru lqvwdqfh wkh devhqfh ri mre frpsh0
wlwlrq +l1h1 ;l>f = ￿
S @3 ,1 Wkh glhuhqfh ehwzhhq wkh zhljkwhg vxp
ri vtxduhg uhvlgxdov ri wkh frqvwudlqhg dqg wkh xqfrqvwudlqhg prgho
+ZUVVf  ZUVV, lv glvwulexwhg "2
+￿w3￿wf,
551
22Iru wkh sxusrvh ri wklv whvw vwdwlvwlf/ wkh frqvwudlqhg prgho lv hvwlpdwhg zlwk
wkh hvwlpdwhg yduldqfh dqg fryduldqfh ri wkh vshflfdwlrq huuruv lq wkh xqfrqvwudlqhg
prgho14:7 Fkdswhu 7
718 Hpslulfdo uhvxowv
Ixu sxusrvh ri suhvhqwdwlrq/ wkh hvwlpdwlrq uhvxowv duh surylghg lq Ds0
shqgl{ 81 Lq wkh uvw froxpq ri Wdeoh 71:/ zh uhsruw wkh hvwlpdwlrq
uhvxowv ri wkh uhjuhvvlrq prgho +7159,1 Qrwlfh wkdw wkh ydoxh ri wkh y￿
sdudphwhuv lv phdqlqjohvv vlqfh wkh| frqwdlq d frpprq vfdoh sdudph0
whu1 Wkh| fdq rqo| eh lqwhusuhwhg lq uhodwlyh whupv1 Ehiruh hqwhulqj lqwr
d pruh ghwdlohg lqwhusuhwdwlrq ri wkh hvwlpdwlrq uhvxowv/ zh uvw txhv0
wlrq zkhwkhu zh fdq lpsrvh vrph uhvwulfwlrqv rq wklv uhjuhvvlrq prgho
d f f r u g l q jw rw k h"2 whvw1
Zh uvw lpsrvh wkdw y￿S/ y2S dqg y￿S duh frqvwdqw ryhu wkh exvlqhvv
f|foh/ l1h1 ;l 5i 4>5>6j = y￿? @3lq +714<,1 Wkh hvwlpdwlrq uhvxowv duh
suhvhqwhg lq wkh vhfrqg froxpq ri Wdeoh 71:1 Wklv uhvwulfwlrq lpsolhv
wkdw wkh hyroxwlrq ri wkh mre rhuv dw wkh orzhu vhjphqwv iroorzv wkh
g|qdplf sdwwhuq ri YS/ zkloh wkhuh lv d vshflf wlph yduldwlrq iru wkh
kljk vnloohg ydfdqflhv1 Vxfk d vshflfdwlrq lv qrw uhmhfwhg dw d vljqldqfh
ohyho ri 94(1 Zh fkrrvh wr lpsrvh wkhvh uhvwulfwlrqv lq rxu uhjuhvvlrq
prgho vlqfh wkh sdudphwhuv duh rwkhuzlvh wrr lpsuhflvho| hvwlpdwhg wr
zduudqw d vhqvleoh glvfxvvlrq1
Zh wkhq orrn dw wkh hodvwlflwlhv ri wkh pdwfklqj ixqfwlrq +vhh wkh vhfrqg
froxpq ri Wdeoh 71:,1 Wkh hvwlpdwhg hodvwlflw| ri pdwfkhv zlwk uhvshfw
wr xqhpsor|phqw +, dqg ydfdqflhv +, lv uhvshfwlyho| 3=85 +3=47,d q g
3=;4 +3=45,1 Vr wkhuh lv hylghqfh ri plog lqfuhdvlqj uhwxuqv wr vfdoh
ri wkh rughu ri 4=66 +3=57,/ dowkrxjk wkh vxp ri wkh hodvwlflwlhv lv qrw
vwdwlvwlfdoo| glhuhqw iurp rqh1 Wklv uhvxow lv frquphg e| wkh "20whvw
zklfk grhv qrw uhmhfw frqvwdqw uhwxuqv wr vfdoh dw d vljqlfdqfh ohyho ri
48( +vhh wkh wklug froxpq ri Wdeoh 71:,561 Pruhryhu/ hyhq li wkh  rz ri
mrev rshqhg dv sxeolf hpsor|phqw vfkhphv iru wkh xqhpsor|hg lqfuhdvhv
wkh qxpehu ri pdwfkhv + @3 =43,/ lw grhv qrw dhfw lw vljqlfdqwo| +vhh
wkh irxuwk froxpq ri Wdeoh 71:,571
Vlqfh zh fdqqrw uhmhfw wkhvh uhvwulfwlrqv/ zh fkrrvh wr glvfxvv wkh sd0
udphwhu hvwlpdwhv rq wkh edvlv ri wkh uhjuhvvlrq prgho +7159, rq zklfk
zh lpsrvh/ ehvlghv ;l 5i 4>5>6j = y￿? @3/ frqvwdqw uhwxuqv wr vfdoh
2￿Wkh xqfrqvwudlqhg prgho ri wklv whvw lv wkh uhjuhvvlrq prgho +7159, zlwk  M
tc2c G ￿? 'f/ lq wkh vhfrqg froxpq ri Wdeoh 71:1
2elghp1Fkdswhu 7 4:8
+. @4 ,d q g @31 Lpsrvlqj FUV zloo dovr doorz d ehwwhu frpsdu0
lvrq zlwk rwkhu hpslulfdo vwxglhv zklfk gluhfwo| lpsrvh wklv uhvwulfwlrq
+dv lq Ydq Rxuv dqg Ulgghu 4<<8,1 Wklv prgho zloo eh rxu ehqfkpdun
prgho1 Wkh uhvxowv duh uhsruwhg lq wkh uvw froxpq ri Wdeoh 71;1 Wkh
vwdqgdug huuruv ri wkh hvwlpdwhg sdudphwhuv duh vpdoohu zlwk wklv vshf0
lfdwlrq1 Wkh hvwlpdwhg hodvwlflw| ri pdwfkhv zlwk uhvshfw wr xqhp0
sor|phqw dqg ydfdqflhv lv uhvshfwlyho| 3=6: dqg 3=961X v l q j w k h  r z
ri klulqjv dv ghshqghqw yduldeoh/ Ydq Rxuv dqg Ulgghu +4<<8, hvwlpdwh
vlplodu pdwfklqj hodvwlflwlhv zlwk d pdwfklqj ixqfwlrq doorzlqj iru mre
frpshwlwlrq1 Wkh hodvwlflw| rq xqhpsor|phqw lv jhqhudoo| kljkhu +ri wkh
rughu ri 3=:, lq vwxglhv hvwlpdwlqj wudglwlrqdo pdwfklqj ixqfwlrq dw wkh
djjuhjdwh ohyho zlwk wkh wrwdo rxw rz iurp xqhpsor|phqw dv ghshqghqw
yduldeoh +vhh Shwurqjror dqg Slvvdulghv 5334,1 Qrwh wkdw wkh suredelo0
lw| ri ehlqj pdwfkhg ghfuhdvhv pdunhgo| zlwk xqhpsor|phqw gxudwlrq1
Ehvlghv/ zrunhuv djhg ehwzhhq 5< dqg 77 |hduv rog duh vljqlfdqwo| ohvv
olnho| ri ehlqj kluhg wkdq |rxqjhu zrunhuv= Wkh h{lw udwh ri sulph0djhg
phq lv 55( orzhu wkdq wkh rqh ri |rxqj phq1
Ilqdoo|/ frqvlghu wkh shuirupdqfh ri rxu ehqfkpdun prgho rq wkh edvlv
ri wkh jrrgqhvv0ri0w vwdwlvwlf1 Wkh prgho lv qrw uhmhfwhg djdlqvw wkh
vdwxudwhg prgho +S0ydoxh@7:(,1 Qrwh dovr wkdw wkh vwdqgdug ghyldwlrq
ri wkh vshflfdwlrq huuruv/ %￿
%S/ lv ri wkh rughu ri =43 iru wkh glhuhqw
vfkrrolqj jurxsv1 Iru wkh kljkhvw hgxfdwlrq ohyho +l @7 ,/ wkh vshfl0
fdwlrq huuru dffrxqwv iru rqo| 6( ri wkh yduldwlrq lq wkh ghshqghqw
yduldeoh zkloh lw frqwulexwhv wr d pruh lpsruwdqw yduldwlrq iru wkh orzhu
vfkrrolqj ohyhov +derxw 43(,1 Vlqfh wkh ghwhuplqdqwv ri wkh h{lw udwh e|
vfkrrolqj ohyho duh lqwhu0uhodwhg lq fdvh ri mre frpshwlwlrq/ vshflfdwlrq
huuruv duh fruuhodwhg1 Dv h{shfwhg/ wkh fruuhodwlrq lv sduwlfxoduo| odujh
ehwzhhq dgmdfhqw hgxfdwlrq ohyhov1
71814 Mre frpshwlwlrq dqg ydfdqf| sdudphwhuv
Ohw xv qrz orrn dw zklfk vfkrrolqj ohyhov wkhuh lv mre frpshwlwlrq lq rxu
ehqfkpdun prgho1 Wkh uvw froxpq ri Wdeoh 715 lqglfdwhv wkdw wkhuh lv
vljqlfdqw mre frpshwlwlrq dw hdfk vfkrrolqj ohyho1 Krzhyhu/ lwv h{whqw
lqfuhdvhv pdunhgo| zlwk wkh hgxfdwlrqdo dwwdlqphqw ri wkh zrunhu1 Rq
dyhudjh ryhu rxu revhuydwlrq shulrg/ e @9zkloh ￿ @4 =8 dqg 2 @4:9 Fkdswhu 7
3=71V l q f h ￿ A 4 iru l @6 >7/ wkh ryhuhgxfdwhg mre vhhnhuv zlwk wkhvh
vfkrrolqj ohyhov duh pruh olnho| wr eh kluhg wkdq wkrvh ri kdyh mxvw wkh
uhtxluhg ohyho/ l1h1 }￿ A 4 iru l @6 >71 Wkh mre frpshwlwlrq sdudphwhu iru
wkh zrunhuv dw wkh wrs ri wkh hgxfdwlrq odgghu lv vr kljk wkdw zh fdqqrw
h{foxgh wkdw doo xqhpsor|hg zrunhuv zlwk kljkhu hgxfdwlrq vhdufk iru
mrev qrupdoo| oohg e| zrunhuv zlwk dq xsshu vhfrqgdu| ghjuhh +l1h1
e @4 ,1 Dgrswlqj wklv vhdufk ehkdylrxu wkh| duh derxw 9 wlphv pruh
olnho| wr eh kluhg wkdq wkh zrunhuv zkr mxvw frpsohwhg xsshu vhfrqgdu|1
Vlqfh 2 ? 4/ zh fdqqrw vwdwh zkhwkhu wkh vhdufk hhfwlyhqhvv ri wkh
ryhuhgxfdwhg mre vhdufkhuv zlwk d orzhu vhfrqgdu| ghjuhh lv kljkhu/ htxdo
ru orzhu wkdq wkh dghtxdwho| hgxfdwhg zrunhuv1





Higher education (i = 4) 6.04 [3.19,11.43] 0.01 [0.00,0.05]
Upper secondary (i = 3) 1.55 [1.10,2.18] 0.27 [0.14,0.49]
Lower secondary (i = 2) 0.43 [0.28,0.64] 0.76 [0.53,1.10]
No education or elementary school (i = 1) -1
Qrwh= Ehqfkpdun prgho> Ehwzhhq ^=`/ <8( frqghqfh lqwhuydo1
Dv h{shfwhg/ zh uhmhfw d vshflfdwlrq zlwkrxw mre frpshwlwlrq/ l1h1
;l>f = ￿
S @3 / dffruglqj wr wkh "20whvw +vhh wkh vhfrqg froxpq ri Wdeoh
71; lq Dsshqgl{ 8,1 Hyhq li wkh mre frpshwlwlrq sdudphwhu lv uhodwlyho|
vpdoo dw wkh orzhu vhfrqgdu| ohyho/ zh dovr fohduo| uhmhfw wkh devhqfh
ri mre frpshwlwlrq ehwzhhq zrunhuv zlwk d orzhu vhfrqgdu| ghjuhh dqg
wkrvh zlwk dw prvw dq hohphqwdu| ghjuhh dffruglqj wr wkh "20whvw +vhh wkh
wklug froxpq ri Wdeoh 71;,1 Wkhvh uhvxowv glhu pdunhgo| iurp Ydq Rxuv
dqg Ulgghu +4<<8,1 Wkh| irxqg hylghqfh ri vljqlfdqw mre frpshwlwlrq
rqo| dw wkh wrs vhjphqw ri wkh oderxu pdunhw/ ehwzhhq zrunhuv zlwk
d kljkhu yrfdwlrqdo ghjuhh dqg dfdghplfdoo| hgxfdwhg zrunhuv1 Wkhvh
zrunhuv vkduh wkh vdph vfkrrolqj jurxs lq rxu dqdo|vlv1
Ilqdoo|/ mre frpshwlwlrq dsshduv wr eh frxqwhuf|folfdo lq Zdoorqld/ dv
revhuyhg lq frpsdulqj d Ehojldq exvlqhvv f|foh lqglfdwru58 +wkh Nuhgl0
hwedqn lqglfdwru, dqg wkh hvwlpdwhg vhfrqg ghjuhh sro|qrpldo ixqfwlrq
2DWkhuh lv qr uhjlrqdo exvlqhvv f|foh lqglfdwru lq Ehojlxp1Fkdswhu 7 4::
lq Iljxuh 7181 Wkh h{whqw ri mre frpshwlwlrq lqfuhdvhv vljqlfdqwo| zlwk
wkh vwurqj ghwhulrudwlrq ri wkh hfrqrplf frqglwlrqv iurp 4<<41 Jdxwlhu
hw do1 +5334, irxqg hylghqfh ri frxqwhuf|folfdo mre frpshwlwlrq dw rqo|
rqh ri wkh orzhu mre frpsoh{lw| ohyhov= Dw wklv ohyho/ wkh glhuhqfh eh0






























































































































Job competition Kredietbank indicator
Iljxuh 718= F|folfdo ghshqghqfh ri mre frpshwlwlrq dqg wkh Nuhglhwedqn
lqglfdwru +uljkw vfdoh,
Dv uhjdugv wr wkh glvwulexwlrq ri mre rhuv e| ohyho ri hgxfdwlrq/ wkh hv0
wlpdwhg ye sdudphwhu lqglfdwhv wkdw wkhuh lv doprvw qr mre rhuv iru wkh
xqhpsor|hg zrunhuv zlwk kljkhu hgxfdwlrq1 Iru wkh rwkhu vhjphqwv ri
wkh oderxu pdunhw/ wkh qxpehu ri mre rhuv ghfuhdvhv zlwk wkh uhtxluhg
vfkrrolqj ohyho1 Wkh vhfrqg froxpq ri Wdeoh 715 jlyhv wkh dyhudjh hv0
wlpdwhg ydoxh Y￿S zlwk uhvshfw wr lwv ydoxh lq wkh vhjphqw uhtxlulqj dw
prvw dq hohphqwdu| ghjuhh +l @4 ,1 Zkloh 433 duh rshqhg iru zrunhuv
zlwk doprvw qr hgxfdwlrq/ rqo| 4 lv srvwhg iru zrunhuv zkr frpsohwhg
kljkhu hgxfdwlrq zlwk d <8( frqghqfh lqwhuydo htxdo wr ^3>8`591
2SWkh vfduflw| ri mrev rhuhg dw wkh wrs vhjphqw ri wkh hgxfdwlrq odgghu zrxog
dfwxdoo| eh uhlqirufhg li ￿ zdv wkh surgxfw ri d ydfdqf| dqg h!flhqf| sdudphwhu
+vhh irrwqrwh q
￿b,1 Iru/ wkh kljko| hgxfdwhg xqhpsor|hg zrunhuv duh olnho| wr vhdufk
pruh lqwhqvlyho| wkdq orzhu hgxfdwhg zrunhuv jlyhq wkdw wkh ohyho ri xqhpsor|phqw
ehqhwv lv xszdug erxqghg14:; Fkdswhu 7
Wkh "20whvw vkrzv wkdw wkh y2 sdudphwhu grhv qrw glhu vljqlfdqwo|
iurp wkh y￿ sdudphwhu rq dyhudjh dqg ryhu vhdvrqv +vhh wkh vhfrqg fro0
xpq ri Wdeoh 71< lq Dsshqgl{ 8,1 Ehvlghv/ zh fdqqrw uhmhfw wkdw wkh
vhdvrqdo yduldwlrq lq y￿ dqg ye lv wkh vdph +vhh wkh wklug froxpq ri Wdeoh
71<,1 Wkh vhdvrqdo frh!flhqwv ri wkh y￿ sdudphwhuv pxvw eh lqwhusuhwhg
dv wkh vshflf yduldwlrq ri wkh mre rhuv e| vfkrrolqj ohyho wkurxjk vhd0
vrqv eh|rqg wkh frpprq vhdvrqdolw| revhuyhg lq Y￿1 Iru lqvwdqfh/ wkh
qxpehu ri mre rhuv iru wkh wzr orzhvw vfkrrolqj ohyhov +l @4 >5,l v
vpdoohu lq wkh zlqwhu wlph wkdq zkdw wkh djjuhjdwh vwdwlvwlfv rq mre
rhuv vxjjhvw1
Wkh hvwlpdwhg vhulhv ri mre rhuv dw wkh kljkhvw vfkrrolqj ohyho dovr
suhvhqwv vrph vljqlfdqw wlph yduldwlrq1 Dw wkh ehjlqqlqj ri wkh shulrg/
wkhuh lv phuho| qr mrev sursrvhg wr wkh kljkhvw hgxfdwhg xqhpsor|hg
zrunhuv1 Zkhq wkh hfrqrplf frqglwlrqv ghwhulrudwh lq 4<<5/ wkh| uhfhlyh
vrph mre rhuv1 Wklv uhvxow zrxog sduwo| h{sodlq zk| wkh h{lw suredelolw|
ri wkh kljkhvw hgxfdwhg zrunhuv zdv ohvv dhfwhg e| wkh uhfhvvlrq lq 4<<6
wkdq wkh rqh ri wkh rwkhu vfkrrolqj jurxsv +vhh Iljxuh 715,1 Zlwk wkh
uhfryhu| ri wkh hduo| 4<<7/ wkh qxpehu ri mrev rhuhg wr wkh kljkhvw
hgxfdwhg xqhpsor|hg shrsoh idoov edfn djdlq durxqg }hur1
71815 Lqwhusuhwdwlrq ri wkh uhvxowv
Zh qrz wxuq wr wkh lqwhusuhwdwlrq ri rxu sdudphwhu hvwlpdwhv1 Krz
frxog zh uvw h{sodlq wkh lpsruwdqfh ri mre frpshwlwlrq dprqj wkh xq0
hpsor|hg zrunhuv lq ZdoorqldB Dv vwuhvvhg lq fkdswhu 7/ wklv uhjlrq
lv fkdudfwhulvhg e| d vwuxfwxudo zhdnqhvv ri mre fuhdwlrq vlqfh wkh plg
hljkwlhv1 Ryhu wkh 4<;704<<8 shulrg/ hpsor|phqw lqfuhdvhg e| :=9( lq
Zdoorqld zkloh lw urvh e| doprvw 53( lq Iodqghuv +vhh Wdeoh 716,1 Lq
frpsdulvrq zlwk wkh hpsor|phqw shuirupdqfhv ri rxu erughulqj frxq0
wulhv gxulqj wklv shulrg/ wkrvh uhjlvwhuhg lq wkh Zdoorrq uhjlrq duh yhu|
edg +vhh Vqhhvvhqv hw do1 4<<<,1 Iru wkh shulrg wkdw zh frqvlghu/ wkh
hpsor|phqw jurzwk lq Zdoorqld zdv ixuwkhu kdpshuhg e| wkh vwurqj
ghwhulrudwlrq ri wkh hfrqrplf survshfwv revhuyhg lq doo Hxurshdq frxq0
wulhv1 Wkh uhodwlyh vfduflw| ri mrev lq Zdoorqld fhuwdlqo| lqgxfhg pruh
hgxfdwhg xqhpsor|hg wr h{whqg mre vhdufk rq wkh vnloo vhjphqw ehorz
wkhlu rzq/ wkhuhe| furzglqj rxw orzhu hgxfdwhg xqhpsor|hg lq wkhluFkdswhu 7 4:<
rzq vhjphqwv1 Wklv surfhvv zdv dw lwv khljkw lq wkh hfrqrplf wurxjk ri
4<<6 +vhh Iljxuh 718,1
Wdeoh 716= Hyroxwlrq ri vdodulhg hpsor|phqw/ e| vhfwru dqg vxe0shulrgv/
lq ( ri wkh lqlwldo uhjlrqdo hpsor|phqw
           Industry        Private services       Public services             Total
Wallonia Flanders Wallonia Flanders Wallonia Flanders Wallonia Flanders
1984/73 -19.1% -12.5% 3.1% 7.3% 7.2% 5.8% -8.8% 0.6%
1995/84 -6.6% -1.0% 10.5% 17.0% 3.7% 3.4% 7.6% 19.4%
1995/73 -25.7% -13.5% 13.5% 24.3% 10.9% 9.2% -1.3% 20.0%
Vrxufh= Vqhhvvhqv dqg Vkdgpdq0Phkwd +5333/ s144:,
Krz frxog zh wkhq h{sodlq wkh uhodwlyh vfduflw| ri mrev rhuhg wr wkh
xqhpsor|hg zrunhuv zlwk d kljk ohyho ri hgxfdwlrq/ sduwlfxoduo| wkrvh
zkr frpsohwhg kljkhu hgxfdwlrq/ zkr/ dv d uhvxow/ h{huw dq lqwhqvh mre
frpshwlwlrq rq wkh orzhu vhjphqwvB Lq rxu gdwd vhw/ zh rqo| revhuyh
xqhpsor|hg zrunhuv zkr vhsdudwhg iurp wkhlu hpsor|huv dqg zkr glg
qrw gluhfwo| qg d qhz mre1 Wkhuhiruh/ rxu hvwlpdwlrq ri ydfdqflhv e|
vfkrrolqj ohyho frqfhuqv rqo| wkrvh lqwhqghg wr wklv vhohfwlyh srsxodwlrq/
zklfk h{foxghv |rxqj vfkrro ohdyhuv dqg hpsor|hg mre vhhnhuv5:1
Hpsor|hg mre vhhnhuv fdq uhsuhvhqw d odujh iudfwlrq ri wkh wrwdo qxpehu
ri mre vhhnhuv lq wkh xsshu vhjphqwv ri wkh oderxu pdunhw zkhuh oderxu
prelolw| lv lpsruwdqw1 Pruhryhu/ wkh vkduh ri vwxghqwv zkr ohdyh vfkrro
zlwk kljkhu hgxfdwlrq lv qrzdgd|v uhodwlyho| odujh= Lq wkh hduo| qlqhwlhv/
66=7( ri d frkruw ri |rxqj fkloguhq dfklhyhg wklv ohyho lq wkh Iuhqfk0
vshdnlqj hgxfdwlrq/ djdlqvw 5<=9( dqg 6:( z k rd w w d l q h gd wp r v wd q
xsshu dqg d orzhu vhfrqgdu| ghjuhh uhvshfwlyho| +vhh Gdo dqg Gxslhuuhx{
4<<9,1 Jlyhq wkh ghsuhvvlyh hfrqrplf frqwh{w/ hpsor|huv pljkw wkhq
qrw qhhg wr sursrvh mre rhuv uhtxlulqj kljk vnloov wr wkh xqhpsor|hg
zrunhuv1 Iru wkh rwkhu ohyhov ri hgxfdwlrq/ wkh xqhpsor|hg srsxodwlrq
wkdw zh frqvlghu lv ohvv olnho| wr eh dq dyrlgdeoh srro ri uhfuxlwphqw1
Zkhq wkh oderxu pdunhw lv fkdudfwhulvhg e| vhdufk iulfwlrqv/ wkhuh pxvw
eh remhfwlyh idfwruv wr mxvwli| vxfk uhfuxlwphqw sudfwlfhv1 Rqh fdq iru
lqvwdqfh dujxh wkdw glvplvvhg zrunhuv zkr frpsohwhg kljkhu hgxfdwlrq
2.Yroxqwdu| txlwwhuv duh holjleoh iru xqhpsor|phqw ehqhwv diwhu d zdlwlqj shulrg
ri 59 wr 85 zhhnv +vhh RHFG 4<<:e,14;3 Fkdswhu 7
duh olnho| wr eh d vhohfwlyh srsxodwlrq ri wkh wrwdo jurxs ri kljkhu hgx0
fdwhg zrunhuv zlwk orzhu vnloo dwwulexwhv +rwkhuv wkdq wkh vnloov dftxluhg
dw vfkrro,1 Krzhyhu/ lq d frqwh{w ri orz hpsor|phqw jurzwk dqg dexq0
gdqw vxsso| ri kljk vfkrro judgxdwhv/ vxfk uhfuxlwphqw sudfwlfhv fdq eh
revhuyhg hyhq li wkh vnloo dwwulexwhv ri wkh xqhpsor|hg zrunhuv grhv qrw
glhu pdunhgo| wr wkrvh ri rwkhu mre vhhnhuv5;1
Ilqdoo|/ krz frxog zh h{sodlq wkdw iru wkh mrev uhtxlulqj dq xsshu vhf0
rqgdu| ghjuhh/ wkh xqhpsor|hg zrunhuv zlwk kljkhu hgxfdwlrq duh pxfk
pruh olnho| wr eh kluhg wkdq wkrvh zkr kdyh mxvw wkh uhtxluhg vfkrrolqj
ohyhoB Lq frpsdulvrq zlwk rxu erughulqj frxqwulhv dqg zlwk Iodqghuv/
wkh glvwulexwlrq ri |rxqj shrsoh e| ohyho ri hgxfdwlrqdo dwwdlqphqw kdv
d sduwlfxodu ihdwxuh lq Zdoorqld= Wklv uhjlrq lv fkdudfwhulvhg e| d uhod0
wlyho| kljk vkduh ri kljk vfkrro judgxdwhv/ exw dovr e| d uhodwlyho| orz
qxpehu ri |rxqj shrsoh zkr dfklhyh dq xsshu vhfrqgdu| ghjuhh +vhh
Elqrq hw do1 4<<;,1 Wkh vfduflw| ri judgxdwhv dw wklv ohyho ri hgxfdwlrq
pdlqo| frqfhuqv wkh yrfdwlrqdo dqg whfkqlfdo ghjuhhv5<1 Lq d frqwh{w
ri vnloo eldvhg whfkqrorjlfdo fkdqjh/ hpsor|huv pd| wkhq eh lqfolqhg wr
kluh pruh hgxfdwhg zrunhuv rq mrev qrupdoo| oohg e| zrunhuv zlwk d
whfkqlfdo ghjuhh ri wkh xsshu vhfrqgdu| vfkrro1 Qrwh wkdw d odujh pd0
mrulw| ri xqhpsor|hg zrunhuv zlwk kljkhu hgxfdwlrq kdyh d yrfdwlrqdo
ru whfkqlfdo ghjuhh ri wkuhh |hduv dw wkh odwhvw= 93(/d j d l q v w63( zlwk
dq xqlyhuvlw| ghjuhh631
71816 Ghfrpsrvlwlrq ri wkh h{lw udwh e| vfkrrolqj ohyho
Lq rughu wr ehwwhu xqghuvwdqg wkh vfrsh ri rxu uhvxowv/ zh ghfrpsrvh wkh
ghwhuplqdqwv ri wkh hvwlpdwhg h{lw udwh e| vfkrrolqj ohyho lq wkh ehqfk0
pdun prgho1 Iru wkh hdvlqhvv ri lqwhusuhwdwlrq/ zh xvh wkh h{suhvvlrq
ri wkh kd}dug udwh jlyhq lq +7143,/ zlwk wljkwqhvv lqglfdwruv phdvxuhg
2HQrwh wkdw wkh dyhudjh txdolw| ri hqwudqwv lqwr xqhpsor|phqw lpsuryhv gxulqj
uhfhvvlrqv dqg idoov lq xswxuqv dffruglqj wr wkh qglqjv ri Fkdswhu 61 Wklv f|folfdo
sdwwhuq lq wkh frpsrvlwlrq ri hqwudqwv frxog h{sodlq zk| hpsor|huv sursrvh vrph mrev
wr wkh kljk vnloohg xqhpsor|hg zrunhuv zkhq wkh hfrqrplf frqglwlrqv ghwhulrudwh +vhh
wkh deryh uhvxowv rq wkh ydfdqf| sdudphwhuv,1
2bVwxghqwv zkr frpsohwhg d jhqhudo ghjuhh duh pruh olnho| wr hquro wr kljkhu hgx0
fdwlrq +vhh Gdo dqg Gxslhuuhx{ 4<<9,/ zkrvh dffhvv lv uhodwlyho| hdv| lq Ehojlxp lq
frpsdulvrq zlwk rwkhu Hxurshdq frxqwulhv1
￿fWkhvh jxuhv duh rewdlqhg iurp wkh prqwko| uhsruwv ri wkh sxeolf hpsor|phqw
djhqf| +RQHp, dqg duh dyhudjhv ryhu rxu revhuydwlrq shulrg1Fkdswhu 7 4;4
lq hhfwlyh xqlwv + ￿,1 Zh wdnh wkh dyhudjh ydoxh ri rxu hvwlpdwhv dqg
uhjuhvvruv dqg vhw h% @4 1 Wklv |lhogv wkh iroorzlqj ghfrpsrvlwlrq ri a k￿
%
e| vfkrrolqj ohyho/ zkhuh a  @3 =96/ a V￿ @ h￿X￿ .a ￿n￿ h￿n￿X￿n￿ dqg wkh
jxuh lq erog uhihuv wr wkh ydoxh ri a k￿
% zkhq vhwwlqj ;l =a ￿ @3 =

























































































































































Xqhpsor|hg zrunhuv zkr frpsohwhg kljkhu hgxfdwlrq kdyh d odujh rxw0
 rz udwh +rq dyhudjh/ 3=:5, gxh wr wkh vwurqj frpshwlwlrq wkh| h{huw rq
wkh mrev qrupdoo| oohg e| wkrvh zlwk dq xsshu vhfrqgdu| ghjuhh1 Wkh|
frpshqvdwh wkh odfn ri mre rhuv iru wkhlu vhuylfhv e| vhdufklqj iru mrev
lq wkh orzhu vhjphqw1 Lq wklv frpshwlwlrq iru mrev/ wkhuh duh e| idu suh0
ihuuhg wr wkrvh zkr kdyh mxvw wkh uhtxluhg vfkrrolqj ohyho1 Li wkh| kdg
qr dffhvv wr mrev uhtxlulqj dq xsshu vhfrqgdu| ghjuhh/ wkh h{lw udwh ri
zrunhuv zlwk kljkhu hgxfdwlrq zrxog eh 3=371 Dv d uhvxow/ xqhpsor|hg
zrunhuv zlwk dq xsshu vhfrqgdu| ghjuhh vhdufk iru mrev dw wkh orzhu
vhfrqgdu| vhjphqw wr plwljdwh wkh hhfwv rq wkhlu h{lw udwh ri erwk wkh
frpshwlwlrq iurp wkh kljkhu vfkrrolqj jurxs dqg wkh uhodwlyh vfduflw|
ri mrev lq wkhlu vhjphqw1 Wklv vhdufk vwudwhj| lqgxfhv d vljqlfdqw ulvh
lq wkhlu rxw rz udwh/ iurp 3=44 wr 3=861 Pruhryhu/ wkh qhw hhfw ri mre
frpshwlwlrq rq wkhlu h{lw udwh lv srvlwlyh vlqfh lw zrxog eh htxdo wr 3=5;
lq wkh devhqfh ri mre frpshwlwlrq1
Iru wkh vdph uhdvrqv wkdq wkhlu pruh hgxfdwhg frxqwhusduwv/ vrph
xqhpsor|hg zrunhuv zlwk d orzhu vhfrqgdu| ghjuhh rhu wkhlu zrun dw
wkh erwwrp ri wkh odgghu1 Hyhq li wkhlu frpshwlwlrq lv qrw yhu| vwurqj dv
frpsduhg wr wkh frpshwlwlrq wkh| idfh iurp wkh kljkhu hgxfdwhg zrunhuv/
wkh rxw rz udwh ri zrunhuv zlwk d orzhu vhfrqgdu| ghjuhh lv uhodwlyho|
kljk/ rq dyhudjh 3=73/ gxh wr d uhodwlyh odujh qxpehu ri mre rhuv lq wkhlu
rzq vhjphqw1 Wkh qhw hhfw ri mre frpshwlwlrq rq wkhlu h{lw udwh lv forvh
wr }hur vlqfh lw zrxog eh vhw wr 3=6< rwkhuzlvh1 Wkh rxw rz udwh ri wkh
zrunhuv zlwk dw prvw dq hohphqwdu| ghjuhh lv qhjdwlyho| dhfwhg e|
wkh vhdufk ehkdylrxu ri wkh xqhpsor|hg zrunhuv zlwk d orzhu vhfrqgdu|
ghjuhh= Wkhlu h{lw udwh htxdov wr 3=68 dqg 3=76 zlwk dqg zlwkrxw mre
frpshwlwlrq uhvshfwlyho|1
Wklv ghfrpsrvlwlrq dqdo|vlv lqglfdwhv wkdw mre frpshwlwlrq lv wkh rqo|
fdxvh ri wkh lqfuhdvh lq wkh wudqvlwlrq udwh rxw ri xqhpsor|phqw zlwk
wkh hgxfdwlrqdo dwwdlqphqw ri wkh zrunhu1 Qrwlfh wkdw wkh udqnlqj ri
wkh h{lw udwhv e| vfkrrolqj ohyho zrxog eh uhyhuvhg lq wkh devhqfh ri mre
frpshwlwlrq vlqfh wkh qxpehu ri mre rhuv vwurqjo| ghfuhdvhv zlwk wkh
ohyho ri hgxfdwlrq1Fkdswhu 7 4;6
719 Vhqvlwlylw| dqdo|vlv
Wr lqfuhdvh wkh uholdelolw| ri rxu qglqjv/ zh lqyhvwljdwh wkh vhqvlwlylw|
ri rxu prgho hvwlpdwhv wr fkdqjhv lq wkh vshflfdwlrq1 Iluvw/ zh hvwlpdwh
rxu ehqfkpdun prgho iru |rxqj shrsoh rqo| +djhg ?@5;,1 Rqh pd| lq0
ghhg txhvwlrq zkhwkhu wkh h{whqw ri mre frpshwlwlrq lv lq xhqfhg e| wkh
djh ri wkh xqhpsor|hg zrunhu1 Wkh hpslulfdo olwhudwxuh lqghhg vxjjhvwv
wkdw |rxqj shrsoh zlwk olwwoh zrun h{shulhqfh dqg rq0wkh0mre wudlqlqj duh
pruh lqfolqh wr vhdufk iru mrev ehorz wkhlu hgxfdwlrqdo dwwdlqphqw +vhh
h1j1 Irujhrw dqg Jdxwlhu 4<<:,1 Wkh hvwlpdwlrq uhvxowv duh suhvhqwhg
lq wkh vhfrqg froxpq ri Wdeoh 7143 +lq Dsshqgl{ 8, zkloh wkh uvw fro0
xpq uhsruwv wkh hvwlpdwhv ri rxu ehqfkpdun prgho1 Zh frqfoxgh wkdw
rqo| wkh pdwfklqj hodvwlflwlhv glhu ehwzhhq wkhvh wzr prghov +a  @3 =:8
iru wkrvh djhg ?@5;,1 Lq sduwlfxodu/ wkh mre frpshwlwlrq dqg ydfdqf|
sdudphwhuv duh vlplodu wr wkrvh rewdlqhg iru wkh zkroh srsxodwlrq1
V h f r q g /z hv s h f l i |dp r g h ol qz k l f kz hl p s r v hw k d ww k hv k d u hr im r e
rhuv e| vfkrrolqj ohyho/ y￿S/ lv rqo| d iudfwlrq ri wkh revhuyhg qxpehu
ri mre rhuv/ YS/ l1h1 zh uhtxluh wkdw wkh vxp ri wkhvh vkduhv htxdov wr
rqh=




Wklv uhvwulfwlrq zrxog eh vhqvleoh li wkh xqhpsor|hg zrunhuv orrnhg
rqo| iru mrev uhjlvwhuhg dw wkh hpsor|phqw djhqf| dqg li hpsor|huv zhuh
uhoxfwdqw wr kluh wkhp wkurxjk rwkhu vhdufk fkdqqhov1 Vlqfh wkh yd0
fdqflhv sxeolvkhg e| wkh Ehojldq hpsor|phqw djhqf| uhsuhvhqw d vpdoo
dqg vhohfwlyh iudfwlrq ri wkh dfwxdo qxpehu ri mre rhuv +vhh deryh,/ zh
eholhyh wkdw uhvwulfwlrq +7164, lv wrr vwurqj1 Lqghhg/ wklv uhvwulfwlrq lv
uhmhfwhg dw d vljqldqfh ohyho ri 4(641 Li uholdeoh gdwd rq ydfdqflhv zhuh
dydlodeoh/ lpsrvlqj wklv uhvwulfwlrq zrxog doorz wr frqiurqw hvwlpdwhg
glvwulexwlrq ri mre rhuv e| vfkrrolqj ohyho zlwk r!fldo vwdwlvwlfv1
Ilqdoo|/ zh vshfli| d prgho lq zklfk zh hvwlpdwh gluhfwo| wljkwqhvv
lqglfdwruv udwkhu wkdq ydfdqf| sdudphwhuv1 Wkh dgydqwdjh ri vxfk d
vshflfdwlrq lv wkdw lw doorzv wr whvw irupdoo| zkhwkhu wkhuh lv vnloo plv0
pdwfk dprqj wkh xqhpsor|hg srsxodwlrq wkdw zh frqvlghu1 Uhfdoo wkdw
￿￿Hvwlpdwlrq uhvxowv duh dydlodeoh xsrq uhtxhvw14;7 Fkdswhu 7
lq rxu iudphzrun/ vnloo plvpdwfk lpsolhv glhuhqw Y0X udwlrv + ￿,d f u r v v
vfkrrolqj jurxsv1 Dv frpsduhg wr wkh plvpdwfk lqgh{ fdofxodwhg e|
Mdfnpdq dqg Urshu +4<;:,/ zh gr qrw qhhg wr uho| rq ydfdqflhv gdwd e|
vfkrrolqj ohyho vlqfh wkhvh duh hvwlpdwhg1 Zh pxvw krzhyhu pdnh wzr
revhuydwlrqv rq rxu phdvxuh ri vnloo plvpdwfk dqg rq lwv lqwhusuhwdwlrq1
Rqh pd| uvw txhvwlrq zkhwkhu wkh xvh ri Y0X udwlrv lv vwloo uhohydqw lq
wkh suhvhqfh ri mre frpshwlwlrq1 Zlwk mre frpshwlwlrq/ wkh xqhpsor|hg
zrunhuv ri vfkrrolqj l fdq dovr eh fdqglgdwhv iru ydfdqflhv lq vhjphqw
l41 Iurp wkh up*v shuvshfwlyh/ wkh| vkrxog wkhuhiruh eh dffrxqwhg iru
zkhq phdvxulqj wljkwqhvv lq vhjphqw l41 Iurp d srolf| srlqw ri ylhz/
wkh uhohydqw phdvxuh ri wljkwqhvv e| vfkrrolqj ohyho uhpdlqv/ krzhyhu/
wkh udwlr ri mre rhuv wr wkh qxpehu ri mre vhhnhuv zkrvh vfkrrolqj suroh
lv dssursuldwh wr wkh rqh uhtxluhg wr shuirup wkh mre/ l1h1  ￿1
Vhfrqg/ wkh phdvxuh ri vnloo plvpdwfk ghshqgv wkh txdolw| ri wkh gdwd1
D qxpehu ri hpslulfdo vwxglhv xvh uhjlvwhuhg mre rhuv dqg xqhpsor|hg
zrunhuv1 Wkhvh duh mxvw d sduw ri wkh dfwxdo qxpehu ri ydfdqflhv dqg
mre vhhnhuv lq wkh hfrqrp|1 Dv vwuhvvhg lq wkh suhylrxv vhfwlrq/ rxu
hvwlpdwlrq ri ydfdqflhv e| vfkrrolqj ohyho frqfhuqv rqo| wkrvh lqwhqghg
wr glvplvvhg xqhpsor|hg zrunhuv/ zkdw h{foxghv vfkrro ohdyhuv dqg hp0
sor|hg mre vhdufkhuv1 Vr zh fdq mxvw hydoxdwh wkh h{whqw ri vnloo plvpdwfk
zlwklq wklv vhohfwlyh srsxodwlrq lq rxu dqdo|vlv1 Wr rewdlq d uholdeoh phd0
vxuh ri vnloo plvpdwfk rq wkh oderxu pdunhw/ rqh vkrxog qhhg gdwd rq
doo w|shv ri mre vhhnhuv1
Zh ghqh wljkwqhvv lq d voljkwo| glhuhqw zd| wkdq wkh ghqlwlrq jlyhq
lq +716,1 Zh qrupdolvh wkh Y0X udwlr lq vhjphqw l e| wkh djjuhjdwh Y0X



















Wklv vshflfdwlrq doorzv wkh qxpehu ri mre rhu e| hgxfdwlrq/ Y￿S/w re h











Vxevwlwxwlqj +7166, lqwr +7149, dqg dvvxplqj FUV/ wkh kd}dug prghoFkdswhu 7 4;8



































zkhuh zh uhsuhvhqw wkh wlph ghshqghqfh ri  
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Lq wkh vhfrqg froxpq ri Wdeoh 7144 +vhh Dsshqgl{ 8,/ zh uhsruw wkh hv0
wlpdwlrq uhvxowv ri rxu ehqfkpdun prgho lq zklfk zh uhsodfh k￿
%S e| lwv
h{suhvvlrq lq +7167,1 Lq wklv prgho zh fdqqrw lpsrvh wkdw ;l 5i 4>5>6j =
￿? @3 1 Iru/ wklv uhvwulfwlrq lv uhmhfwhg dw d vljqldqfh ohyho ri 8( df0
fruglqj wr wkh "20whvw1 Wkh devhqfh ri wlph yduldwlrq lq  
W
￿S zrxog phdq
wkdw wkh Y0X udwlr lq vhjphqw l iroorzv wkh hyroxwlrq ri wkh djjuhjdwh
Y0X udwlr1 Iurp rxu ehqfkpdun prgho/ zh nqrz wkdw wkh hyroxwlrq ri
wkh mre rhuv dw wkh orzhu vhjphqwv iroorzv wkh g|qdplf sdwwhuq ri Y￿1
Wkhuhiruh/ wklv uhmhfwlrq vkrxog frph iurp d voljkw glyhujlqj wlph yduld0
wlrq lq wkh qxpehu ri xqhpsor|hg zrunhuv dfurvv vfkrrolqj jurxsv +vhh
Iljxuh 717,1 Wkh shuirupdqfh ri wkh prgho zlwk wljkwqhvv sdudphwhuv lv
vlplodu wr rxu ehqfkpdun prgho rq wkh edvlv ri wkh jrrgqhvv0ri0w vwdwlv0
wlf1 Xsrq frpsdulvrq ehwzhhq wkhvh wzr prghov/ zh frqfoxgh wkdw rqo|
wkh wlph ghshqghqfh ri wkh mre frpshwlwlrq sdudphwhuv glhuv1 Krzhyhu/
wkh vhfrqg ghjuhh sro|qrpldo ixqfwlrq lv idu iurp ehlqj suhflvho| hvwl0
pdwhg lq wkh vhfrqg prgho1 Pruh jhqhudoo|/ vwdqgdug huuruv duh odujhu
lq wkh prgho zlwk wljkwqhvv sdudphwhuv wkdq lq rxu ehqfkpdun prgho1
Wdeoh 717 uhsruwv wkh dyhudjh hvwlpdwhg ydoxh ri wkh mre frpshwlwlrq
dqg wljkwqhvv sdudphwhuv lq wklv qhz prgho1 Wkh odwwhu duh qrupdolvhg
e| wkh Y0X udwlr hvwlpdwhg lq wkh orzhvw vhjphqw +l @4 ,651 Dowkrxjk
￿2Wkhvh hvwlpdwhg Y0X udwlrv duh yhu| forvh wr wkh udwlrv wkdw zh fdq fdofxodwh lq4;9 Fkdswhu 7
wkhlu frqghqfh lqwhuydo lv uhodwlyho| odujh/ zh frqfoxgh wkdw wkh Y0X
udwlrv ghfuhdvh iurp wkh orzhvw wr wkh kljkhvw vhjphqwv ri wkh oderxu
pdunhw1 Dffruglqj wr wkh "20whvw/ zh fdqqrw uhmhfw erwk wkh devhqfh ri
f|folfdo yduldwlrq lq W
￿S ;l 5i 4>5>6j dqg d vlplodu Y0X udwlr lq wkh wzr
orzhvw vhjphqwv ri wkh oderxu pdunhw +l @4 >5,d wdv l j q l  d q f ho h y h or i
9=;( +vhh wkh vhfrqg froxpq ri Wdeoh 7145 lq Dsshqgl{ 8,1 Wkh odvw
froxpq ri Wdeoh 7145 dovr lqglfdwhv wkdw wkh Y0X udwlrv lq wkh xsshu
vhjphqwv ri wkh oderxu pdunhw +l @6 >7, duh vljqlfdqwo| orzhu iurp wkh
rqh hvwlpdwhg lq wkh erwwrp vhjphqwv/ rq dyhudjh +S0ydoxh@3 =9(,1





Higher education (i = 4) 5.90 [2.93,11.93] 0.03 [0.01,0.42]
Upper secondary (i = 3) 1.65 [1.08,2.54] 0.51 [0.21,1.23]
Lower secondary (i = 2) 0.46 [0.32,0.68] 0.78 [0.56,1.13]
No education or elementary school (i = 1) -1
Qrwh= Ehqfkpdun prgho zlwk wljkwqhvv sdudphwhuv> Ehwzhhq ^=`/ <8( frq0
ghqfh lqwhuydo1
Wkhvh uhvxowv lqglfdwh wkdw wkh vpdoohu dprxqw ri ydfdqflhv dw wkh xs0
shu vhfrqgdu| ohyho lv sduwldoo| frpshqvdwhg e| d orzhu qxpehu ri xq0
hpsor|hg zrunhuv zlwk wklv vfkrrolqj ohyho1 Krzhyhu/ wkhuh lv vwloo d
vkruwdjh ri ydfdqflhv lq wkh xsshu vhfrqgdu| ohyho dv uhjdugv wr wkh wzr
orzhu vhjphqwv ri wkh oderxu pdunhw1 Rq wkh rwkhu kdqg/ hyhq li wkh
qxpehu ri xqhpsor|hg zrunhuv zlwk kljkhu hgxfdwlrq lv uhodwlyho| orz/
wkh mre rhuv lqwhqghg iru wklv w|sh ri oderxu lv uhdoo| wrr vfdufh1 Df0
fruglqj wr rxu hvwlpdwhv/ wkhuh zrxog eh qrw hqrxjk mre rhuv uhtxlulqj
d glsorpd ri kljkhu hgxfdwlrq/ dqg lq d ohvv h{whqw/ dq xsshu vhfrqgdu|
ghjuhh/ iru wkh xqhpsor|hg zrunhuv1
Lq wkh suhylrxv vhfwlrq/ zh dujxhg wkdw wkh uhodwlyh vfduflw| ri mrev
sursrvhg wr wkh xqhpsor|hg zrunhuv zlwk kljkhu hgxfdwlrq uh hfwv d uh0
fuxlwphqw ehkdylrxu ri hpsor|huv lq d frqwh{w ri orz mre fuhdwlrq1 Jlyhq
wkh dexqgdqw vxsso| ri kljk hgxfdwhg judgxdwhv rq wkh oderxu pdunhw/
hpsor|huv zloo eh ohvv lqfolqhg wr sursrvh mre rhuv uhtxlulqj kljk vnloov
rxu ehqfkpdun prgho1Fkdswhu 7 4;:
wr wkh xqhpsor|hg zrunhuv1 Iru wkh rwkhu ohyhov ri hgxfdwlrq/ wkh xq0
hpsor|hg zrunhuv duh ohvv olnho| wr eh dq dyrlgdeoh srro ri uhfuxlwphqw1
Vlqfh zh dqdo|vh wkh ghpdqg ri vnloov iru d sduwlfxodu srsxodwlrq ri mre
vhhnhuv/ rxu uhvxowv duh qrw lqfrqvlvwhqw zlwk d vwru| ri vnloo eldvhg whfk0
qrorjlfdo fkdqjh1 Lq rxu hpslulfdo iudphzrun/ zh qhhg gdwd rq doo w|shv
ri mre vhhnhuv e| ohyho ri hgxfdwlrq wr rewdlq d uholdeoh phdvxuh ri wkh
ghpdqg ri vnloov lq wkh hfrqrp|/ dqg vr plvpdwfk1
Hyhq li wklv prgho lv uhmhfwhg dw d vljqlfdqfh ohyho ri 8(/r q hf d qe h
lqwhuhvwhg lq wkh hvwlpdwhg ydoxh ri wkh wljkwqhvv sdudphwhuv lq wkh de0
vhqfh ri mre frpshwlwlrq1 Wdeoh 718 uhsruwv wkh dyhudjh hvwlpdwhg ydoxh
ri wkh Y0X udwlr lq d prgho zlwk ;l>f = ￿
S @3+vhh dovr wkh vhfrqg fro0
xpq ri Wdeoh 7146 lq Dsshqgl{ 8,1 Frqwudu| wr rxu suhihuuhg prgho/ wkh
Y0X udwlr lqfuhdvhv vljqlfdqwo| iurp wkh orzhvw wr wkh kljkhvw vhjphqw
ri wkh oderxu pdunhw1 Vlqfh zh lpsrvh wkh devhqfh ri mre frpshwlwlrq/
wklv pxvw eh wkh fdvh iru wkh hvwlpdwhg kd}dug wr w wkh gdwd/ l1h1 wkh lq0
fuhdvh lq wkh rxw rz udwh zlwk wkh hgxfdwlrqdo dwwdlqphqw ri wkh zrunhu1
Lq wklv prgho/ vnloo plvpdwfk lq wkh xqhpsor|hg srsxodwlrq lv lpsruwdqw
exw lv qrz fkdudfwhulvhg e| d uhodwlyho| odujh dprxqw ri mre rhuv dqg d
vpdoo qxpehu ri xqhpsor|hg zrunhuv lq wkh wrs vhjphqwv ri wkh oderxu
pdunhw dqg wkh rssrvlwh lq wkh erwwrp vhjphqwv1
Wdeoh 718= Dyhudjh hvwlpdwhg ydoxh ri wkh wljkwqhvv sdudphwhuv lq d




Higher education (i = 4) 0 3.52 [2.40,5.21]
Upper secondary (i = 3) 0 1.98 [1.57,2.49]
Lower secondary (i = 2) 0 1.31 [1.18,1.46]
No education or elementary school (i = 1) -1
Qrwh= Ehqfkpdun prgho zlwk wljkwqhvv sdudphwhuv dqg ;l>f = ￿
S @3 >E h 0
wzhhq ^=`/ <8( frqghqfh lqwhuydo1
Zh dovr uhsruw lq Wdeoh 719 wkh hvwlpdwhg mre frpshwlwlrq sdudphwhuv lq
wkh devhqfh ri vnloo plvpdwfk lq wkh xqhpsor|hg srsxodwlrq +rq dyhudjh,/
l1h1 ;l = ￿f @ ￿f dqg ￿? @3lq +7168, +vhh wkh odvw froxpq ri Wdeoh
7145 lq Dsshqgl{ 8,1 Wkh odwwhu uhvwulfwlrq lv qhhghg iru lghqwlfdwlrq4;; Fkdswhu 7
sxusrvhv= Zh fdqqrw doorz iru wzr frpprq wlph ghshqghqfh +lq ￿ dqg
 
W
￿,1 Dv vdlg vxsud/ wklv prgho lv uhmhfwhg dw d vljqldqfh ohyho ri 3=9(1
Khuh/ wkh mre frpshwlwlrq sdudphwhu dovr lqfuhdvhv zlwk wkh hgxfdwlrqdo
dwwdlqphqw ri wkh zrunhu1 Krzhyhu/ lwv hvwlpdwhg ydoxh lv orzhu wkdq lq
rxu ehqfkpdun prgho lq zklfk wkh vkruwdjh ri mre rhuv lq wkh xsshu
vhjphqwv ri wkh oderxu pdunhw vwuhqjwkhqv wkh h{whqw ri mre frpshwlwlrq
dw wkh kljkhvw ohyho ri hgxfdwlrq1
Wdeoh 719= Dyhudjh hvwlpdwhg ydoxh ri wkh mre frpshwlwlrq sdudphwhuv




Higher education (i = 4) 1.09 [1.02,1.17] 1
Upper secondary (i = 3) 0.65 [0.60,0.71] 1
Lower secondary (i = 2) 0.24 [0.22,0.26] 1
No education or elementary school (i = 1) -1
Qrwh= Ehqfkpdun prgho zlwk wljkwqhvv sdudphwhuv dqg ;l = ￿f @ ￿f dqg
￿? @3 > Ehwzhhq ^=`/ <8( frqghqfh lqwhuydo1
71: Frqfoxvlrq
Wkh dlp ri wklv fkdswhu zdv wr ghwhuplqh wkh uhodwlyh lpsruwdqfh ri
mre frpshwlwlrq dqg vnloo plvpdwfk iru d srsxodwlrq ri xqhpsor|hg mre
vhdufkhuv lq Ehojlxp1 Wr wkdw sxusrvh/ zh xvhg dgplqlvwudwlyh gdwd rq
wkh h{lw udwhv iurp xqhpsor|phqw e| ohyho ri hgxfdwlrq dqg rq wkh wrwdo
qxpehu ri mre ydfdqflhv uhjlvwhuhg dw wkh sxeolf hpsor|phqw djhqf|1
Rxu revhuydwlrq shulrg udqjhg iurp Mxqh 4<;< wr Iheuxdu| 4<<71 Wkh
rxw rz udwh zdv prghoohg lq d pdwfklqj ixqfwlrq iudphzrun1 Zh dv0
v x p h gw k d ww k hm r ep d u n h wl vv h j p h q w h ge |v f k r r o l q jo h y h od q gw k d wh d f k
vhjphqw lv fkdudfwhulvhg e| wkh vdph mre pdwfklqj whfkqrorj|1
Zlwk mre frpshwlwlrq/ doo xqhpsor|hg zrunhuv vhdufk iru mrev lq wkhlu
rzq vhjphqw dqg vrph iudfwlrq vhdufk vlpxowdqhrxvo| lq wkh vhjphqw
mxvw ehorz wkhlu rzq1 Xqghu wklv dvvxpswlrq/ wkh wudqvlwlrq udwh rxw ri
xqhpsor|phqw e| ohyho ri hgxfdwlrq lv pdgh ri wzr frpsrqhqwv= Wkh
suredelolw| ri qglqj d mre fruuhvsrqglqj wr klv vfkrrolqj suroh dqg wkh
suredelolw| ri qglqj d grzqjudglqj mre1 Zh hvwlpdwhg/ e| PlqlpxpFkdswhu 7 4;<
Fkl0Vtxduhv/ wkh vwuxfwxudo irup ri wkh h{lw udwh rxw ri xqhpsor|phqw
e| ohyho ri hgxfdwlrqdo dwwdlqphqw1 Wkh sdudphwhuv ri lqwhuhvw duh wkh
h{whqw ri mre frpshwlwlrq dw hdfk vfkrrolqj ohyho dqg wkh glvwulexwlrq ri
mre rhuv dffruglqj wr wkh uhtxluhg ohyho ri hgxfdwlrq1
Zh irxqg wkdw wkhuh lv vljqlfdqw mre frpshwlwlrq dprqj wkh xqhp0
sor|hg zrunhuv lq Zdoorqld1 Pruhryhu/ lwv h{whqw lqfuhdvhv pdunhgo|
zlwk wkh hgxfdwlrqdo dwwdlqphqw ri wkh zrunhu1 Wkh mre frpshwlwlrq
sdudphwhu iru wkh zrunhuv dw wkh wrs ri wkh hgxfdwlrq odgghu lv vr kljk
wkdw zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw doo xqhpsor|hg zrunhuv zlwk
kljkhu hgxfdwlrq vhdufk iru mrev qrupdoo| oohg e| zrunhuv zlwk dq xs0
shu vhfrqgdu| ghjuhh1 Dgrswlqj wklv vhdufk ehkdylrxu wkh| duh derxw 9
wlphv pruh olnho| wr eh kluhg wkdq duh wkh zrunhuv zkr mxvw frpsohwhg
xsshu vhfrqgdu| vfkrro1 Wkh h{whqw ri mre frpshwlwlrq dovr zhqw xs
zlwk wkh hfrqrplf grzqwxuq ri wkh hduo| qlqhwlhv1
Rxu uhvxowv dovr lqglfdwhg wkdw wkhuh lv doprvw qr mrev rhuhg wr wkh
xqhpsor|hg zrunhuv zkr frpsohwhg kljkhu hgxfdwlrq1 Iru wkh rwkhu
w|shv ri xqhpsor|hg shrsoh/ wkh qxpehu ri ydfdqflhv uhtxlulqj dq xs0
shu vhfrqgdu| ghjuhh lv vljqlfdqwo| vpdoohu wkdq wkh mre rhuv dw wkh
orzhu ohyhov ri hgxfdwlrq1 Li zh wdnh lqwr dffrxqw wkh vxsso| ri vnloov/
zh frqfoxghg wkdw wkhuh lv d uhodwlyh vkruwdjh ri mre rhuv uhtxlulqj d
glsorpd ri kljkhu hgxfdwlrq/ dqg lq d ohvv h{whqw dq xsshu vhfrqgdu|
ghjuhh/ iru wkh xqhpsor|hg zrunhuv lq Zdoorqld1
Zh fodlphg wkdw wkh vfduflw| ri mrev lq Zdoorqld pxvw dffrxqw iru
wkh lqwhqvh mre frpshwlwlrq dprqj xqhpsor|hg zrunhuv1 Vlqfh wkh plg
hljkwlhv/ wklv uhjlrq lv fkdudfwhulvhg e| d vwuxfwxudo zhdnqhvv ri mre fuh0
dwlrq lq frpsdulvrq zlwk Iodqghuv dqg rxu erughulqj frxqwulhv1 Iru wkh
shulrg wkdw zh frqvlghu/ wkh hpsor|phqw jurzwk lq Zdoorqld zdv ixuwkhu
kdpshuhg e| wkh vwurqj ghwhulrudwlrq ri wkh hfrqrplf survshfwv1 Wkh
zhdnqhvv ri mre fuhdwlrq lq Zdoorqld fhuwdlqo| lqgxfhg pruh hgxfdwhg
xqhpsor|hg wr h{whqg mre vhdufk rq wkh vnloo vhjphqw ehorz wkhlu rzq/
wkhuhe| furzglqj rxw orzhu hgxfdwhg xqhpsor|hg lq wkhlu vhjphqw1
Zh dovr dujxhg wkdw wkh ihz qxpehu ri mrev sursrvhg wr wkh xqhp0
sor|hg zrunhuv zlwk kljkhu hgxfdwlrq uh hfwv d uhfuxlwphqw ehkdylrxu
ri hpsor|huv zkhq mrev duh vfdufh1 Lq rxu gdwd vhw/ zh rqo| revhuyh glv0
plvvhg xqhpsor|hg zrunhuv1 Wkhuhiruh/ rxu hvwlpdwlrq ri ydfdqflhv e|
vfkrrolqj ohyho frqfhuqv rqo| wkrvh lqwhqghg wr wklv vhohfwlyh srsxodwlrq/4<3 Fkdswhu 7
zklfk h{foxghv |rxqj vfkrro ohdyhuv dqg hpsor|hg mre vhhnhuv1 Jlyhq
wkh odujh vxsso| ri kljko| hgxfdwhg vfkrro ohdyhuv dqg wkh vfduflw| ri
mrev/ hpsor|huv zloo qrw eh lqfolqhg wr sursrvh mre rhuv uhtxlulqj kljk
vnloov wr wkh xqhpsor|hg zrunhuv1 Dv d uhvxow/ wkh prvw hgxfdwhg xqhp0
sor|hg h{huw dq lqwhqvh mre frpshwlwlrq rq wkh orzhu vhjphqwv1 Iru wkh
orzhu ohyhov ri hgxfdwlrq/ wkh xqhpsor|hg srsxodwlrq wkdw zh frqvlghu lv
ohvv olnho| wr eh dq dyrlgdeoh srro ri uhfuxlwphqw/ vr wkdw zh hvwlpdwhg
uhodwlyho| pruh mre rhuv iru wkh orz hgxfdwhg xqhpsor|hg1
Vlqfh zh hvwlpdwh wkh ghpdqg ri vnloov iru d sduwlfxodu srsxodwlrq ri
mre vhhnhuv/ rxu uhvxowv duh ri frxuvh qrw lqfrqvlvwhqw zlwk d vwru| ri
vnloo eldvhg whfkqrorjlfdo fkdqjh1 Lq rxu hpslulfdo iudphzrun/ zh zrxog
qhhg gdwd rq doo w|shv ri mre vhhnhuv e| ohyho ri hgxfdwlrqdo dwwdlqphqw wr
rewdlq d uholdeoh phdvxuh ri wkh ghpdqg ri vnloov lq wkh hfrqrp|/ dqg vr
plvpdwfk1 Wkh yhu| jrrg hpsor|phqw survshfwv ri xqhpsor|hg zrunhuv
zlwk kljkhu hgxfdwlrq rq mrev qrupdoo| uhtxlulqj dq xsshu vhfrqgdu|
g h j u h hf d qd f w x d o o |e hf r q v l v w h q wz l w kduhodwlyh lqfuhdvh lq wkh ghpdqg
ri kljk vnloov1 Frpsduhg zlwk rxu erughulqj frxqwulhv dqg Iodqghuv/
wkhuh lv d orz qxpehu ri |rxqj shrsoh zkr dfklhyh wkh xsshu vhfrqgdu|
vfkrro lq Zdoorqld/ sduwlfxoduo| zlwk yrfdwlrqdo dqg whfkqlfdo ghjuhhv1
Lq d frqwh{w ri vnloo eldvhg whfkqrorjlfdo fkdqjh/ hpsor|huv pd| wkhq eh
lqfolqhg wr kluh ryhuhgxfdwhg zrunhuv rq mrev qrupdoo| oohg e| zrunhuv
zlwk d whfkqlfdo glsorpd ri wkh xsshu vhfrqgdu| vfkrro1 Rxu dujxphqw
lv uhlqirufhg e| wkh revhuydwlrq wkdw d odujh pdmrulw| ri xqhpsor|hg
zrunhuv zlwk kljkhu hgxfdwlrq kdyh d yrfdwlrqdo ru whfkqlfdo ghjuhh ri
wkuhh |hduv dw wkh odwhvw1Fkdswhu 7 4<4
71; Dsshqgl{
71;14 Dsshqgl{ 4= Htxloleulxp vhdufk prgho
Lq wklv dsshqgl{66/ zh ghyhors dq htxloleulxp vhdufk prgho ão dSlv0
vdulghv +5333, zlwk wzr w|shv ri mrev dqg zrunhuv +kljk hgxfdwhg dqg
orz hgxfdwhg, dqg shuihfw vhjphqwdwlrq ri wkh oderxu pdunhw1 Wkh re0
mhfwlyh ri wklv vlpsoh prgho lv wr vkrz wkdw vnloo eldvhg whfkqrorjlfdo
fkdqjh/ l1h1 dq lqfuhdvh lq wkh uhodwlyh surgxfwlylw| ri kljk vnloohg mrev/
lv qrw wkh rqo| srvvleoh ghwhuplqdqw ri vnloo plvpdwfk lq d vwhdg|0vwdwh
htxloleulxp1 Wljkwqhvv pd| dovr ydu| dfurvv vnloo vhjphqwv gxh wr glhu0
hqfhv lq edujdlqlqj srzhu/ vhsdudwlrq udwh/ xqhpsor|phqw ehqhw dqg
klulqj frvwv ehwzhhq vhjphqwv1
Zh dvvxph wkdw wkh mre pdunhw lv shuihfwo| vhjphqwhg e| hgxfdwlrq
ohyho l = +l, Wkh xqhpsor|hg zrunhuv ri hgxfdwlrq ohyho l/ X￿/o r r ni r um r e v
rqo| lq wkhlu rzq vhjphqw/ dqg +ll, wkh ydfdqflhv uhtxlulqj wkh hgxfdwlrq
ohyho l/ Y￿/ fdq rqo| eh oohg e| zrunhuv zkr kdyh wkh fruuhvsrqglqj ohyho1
Dsduw iurp wkhlu hgxfdwlrqdo dwwdlqphqw/ zrunhuv duh dvvxphg wr eh
krprjhqhrxv1 Hdfk vhjphqw lv fkdudfwhulvhg e| wkh vdph mre pdwfklqj




671 Wkh pdwfklqj h!flhqf| grhv qrw ghshqg
rq wkh hgxfdwlrqdo ohyho dqg lv qrupdolvhg wr rqh lq doo vhjphqwv1 Ohw
￿ @ T￿
L￿ ghqrwh wljkwqhvv lq vhjphqw l1 Xqghu frqvwdqw uhwxuqv wr vfdoh/
w k hu d w hd wz k l f ky d f d q wm r e ve h f r p h o o h gl v =t+￿,  8￿
T￿ dqg wkh udwh
dw zklfk d zrunhu qgv d mre lv= ￿t+￿,  8￿
L￿1 Zh dvvxph wkdw zrunhuv
duh ulvn0qhxwudo zrunhuv dqg wkdw hdfk up kdv rqo| rqh w|sh ri mre1
￿￿Wklv dsshqgl{ lv dwwulexdeoh wr Euxqr Ydq ghu Olqghq1
￿eWr rewdlq dq xqltxh htxloleulxp iru wkh xqhpsor|phqw udwh/ wkh pdwfklqj ixqf0
wlrq pxvw h{klelw frqvwdqw uhwxuqv wr vfdoh +vhh Slvvdulghv 5333,1 Wklv uhtxluhphqw
lv ds u l r u lqrw frpsdwleoh zlwk wkh vwrfn0 rz pdwfklqj prgho ri Frohv dqg Vplwk
+4<<;, zklfk h{klelwv lqfuhdvlqj uhwxuqv wr vfdoh +LUV,1 Lq wklv prgho/ wkh vwrfn ri
xqhpsor|hg zrunhuv rqo| pdwfk zlwk wkh  rz ri qhz mre rhuv/ dv lw lv dvvxphg lq rxu
hpslulfdo dqdo|vlv/ zkloh qhz hqwudqwv lqwr xqhpsor|phqw rqo| survshfw wkh h{lvwlqj
vwrfn ri ydfdqflhv1 Vlqfh zh rqo| revhuyh wlph lqwhuydov ri glvfuhwh ohqjkw +rqh txdu0
whu,/ qhz hqwudqwv duh dovr dvvxphg wr pdwfk rqo| zlwk wkh  rz ri qhz mre rhuv1
Juhjj dqg Shwurqjror +4<<:, vkrz wkdw LUV duh dfwxdoo| suhfoxghg li zh frqvlghu
wlph shulrgv ri glvfuhwh ohqjwk +iru wkh gdwd surfhvv,/ zklfk fuhdwh h{wud frqjhvwlrq
h{whuqdolwlhv dv frpsduhg wr wkh frqwlqxrxv0wlph prgho ri Frohv dqg Vplwk1 Wklv
uhvxow lv frquphg lq rxu hpslulfdo dqdo|vlv zklfk grhv qrw uhmhfw frqvwdqw uhwxuqv
wr vfdoh dw d vljqlfdqfh ohyho ri DI14<5 Fkdswhu 7
Iru d zrunhu zlwk hgxfdwlrq ohyho l/ Y e
￿ dqg Y ￿
￿ ghqrwh wkh h{shfwhg
xwlolw| ri hpsor|phqw dqg xqhpsor|phqw uhvshfwlyho|1 Ohw u eh wkh
glvfrxqw udwh/ z￿ wkh oderxu frvw/ !￿ wkh mre vhsdudwlrq udwh dqg }￿ wkh
xqhpsor|phqw ehqhw1 Lq d vwhdg|0vwdwh htxloleulxp/ Y e




￿ @ z￿ . !￿ +Y ￿
￿  Y e
￿ , +d4,
uY ￿
￿ @ }￿ . ￿t+￿,+Y e
￿  Y ￿
￿ , +e4,
Frpelqlqj +d4, dqg +e4,/ wkh qhw h{shfwhg xwlolw| ri qglqj d mre lv
wkhq jlyhq e|=
Y e
￿  Y ￿
￿ @
z￿  }￿
u .!￿ . ￿t+￿,
Iru d up lq vhjphqw l/ wkh h{shfwhg ydoxh iurp d ydfdqw dqg dq
rffxslhg mre lv ghqrwhg ￿
￿ dqg e
￿ uhvshfwlyho|1 Ohw |￿ eh wkh frqvwdqw
pdujlqdo surgxfw ri d oohg ydfdqf| dqg f￿ wkh {hg frvw ri d ydfdqw mre
shu xqlw ri wlph1 Dvvxplqj vwhdg|0vwdwh/ ￿
￿ dqg e
￿ vdwlvi| wkh iroorzlqj
frqglwlrqv=
u￿

















￿ lv wkh h{shfwhg ydoxh iurp d ydfdqw mre lq wkh rwkhu vnloo
vhjphqw1
Lq htxloleulxp/ ydfdqflhv duh rshqhg dv orqj dv wkh| |lhog d srvlwlyh
h{shfwhg uhwxuqv1 Wkhuhiruh/ wkh htxloleulxp frqglwlrq iru wkh vxsso| ri
ydfdqflhv lv ￿
￿ @3 1 Xvlqj +f4, dqg +g4,/ wklv htxloleulxp frqglwlrq fdq







Wklv uhodwlrqvkls lv wkh ydfdqf|0vxsso| fxuyh zklfk htxdwhv wkh uhfuxlw0
phqw frvw wr wkh h{shfwhg glvfrxqwhg lqfrph vwuhdp1
W k hz d j hu d w hl vg h u l y h gi u r pw k hp d { l p l v d w l r qr iw k hi r o o r z l q jQ d v k










zkhuh ￿ lv wkh edujdlqlqj srzhu +3 ? ￿ ? 4,1 Dvvxplqj wkdw wkh
uhfuxlwphqw frvw lv sursruwlrqdo wr |￿= f￿ @ {￿|￿/ wkh uvw0rughu frqglwlrq
fdq eh zulwwhq dv=
z￿ @+ 4 ￿,}￿ . ￿|￿ +4 . {￿￿, +j4,
zklfk lv wkh zdjh0vhwwlqj fxuyh1 Vxevwlwxwlqj +j4, lqwr +h4,/ zh rewdlq=
+4  ￿,+|￿  }￿, 
u . !￿ . ￿t+￿,
t+￿,
{￿|￿ @3 +k4,
Wklv htxdwlrq ghqhv dq lpsolflw uhodwlrqvkls iru htxloleulxp wljkwqhvv
lq vhjphqw l=
￿ @+ |￿>￿>! ￿>} ￿>{ ￿>u, +l4,
Lq d vwhdg|0vwdwh htxloleulxp/ wljkwqhvv ydulhv dfurvv vnloo vhjphqwv gxh
wr glhuhqfhv lq surgxfwlylw| +|￿,/ edujdlqlqj srzhu +￿,/ vhsdudwlrq udwh
+!￿,/ xqhpsor|phqw ehqhw +}￿, dqg klulqj frvwv +{￿,1
Zh fdq wkhq ghulyh wkh htxloleulxp xqhpsor|phqw udwh lq vnloo vhj0
phqw l/ x￿ @ L￿
u￿/z k h u hO￿ lv wkh oderxu irufh ri hgxfdwlrq l1 Lq wkh
vwhdg|0vwdwh/ wkh  rz lqwr xqhpsor|phqw lv htxdo wr wkh  rz rxw ri
xqhpsor|phqw=
!￿ +4  x￿,@￿t+￿,x￿ +m4,4<7 Fkdswhu 7





Frpelqlqj +l4, dqg +n4,/ wklv htxdwlrq ghqhv dq lpsolflw uhodwlrqvkls
iru wkh htxloleulxp xqhpsor|phqw udwh lq vhjphqw l=
x￿ @  +￿>| ￿>! ￿>} ￿>{ ￿>u, +o4,
zklfk kdv wkh vdph ghwhuplqdqwv wkdq htxloleulxp wljkwqhvv1
Iurp +n4,/ wkh xqhpsor|phqw udwhv e| vnloo ohyho duh wkh vdph xqghu
wzr frqglwlrqv= +4, ;l = ￿ @  dqg +5, ;l = !￿ @ !1 Wkhuhiruh/ wkh
ghqlwlrq ri qr plvpdwfk edvhg rq wljkwqhvv lqglfdwruv +;l = ￿ @ ,
lpsolhv wkh devhqfh ri glhuhqfhv ehwzhhq xqhpsor|phqw udwhv li wkh
vhsdudwlrq udwh lv wkh vdph dfurvv vnloo vhjphqwv1Fkdswhu 7 4<8
71;15 Dsshqgl{ 5= Gdwd fruuhfwlrq
Vlqfh zh kdyh dq lq rz gdwd vhw/ qrw doo gxudwlrq fodvvhv duh uhsuhvhqwhg
dw wkh ehjlq ri wkh revhuydwlrq shulrg1 Iru wkh uvw wkuhh fdohqgdu wlph
lqwhuydov/ wkhuh duh vrph gxudwlrqv plvvlqj1 Zh hvwlpdwh wkh qxpehu ri
xqhpsor|hg lq wkh plvvlqj gxudwlrq fodvvhv e| h{sorlwlqj wkh lqirupdwlrq
rq wkh qxpehu ri xqhpsor|hg zrunhuv lq wkh revhuyhg gxudwlrq fodvvhv1
Zh dssur{lpdwh wkh plvvlqj revhuydwlrqv lq wkh iroorzlqj zd|=































@&S lv wkh kd}dug udwh ri dq lqglylgxdo ri w|sh l dqg d dw gxudwlrq
n dqg fdohqgdu wlph f1 Wklv lv hvwlpdwhg e| uhjuhvvlqj d wudqvirupdwlrq
ri a S￿
@&S rq gxudwlrq dqg fdohqgdu wlph gxpplhv iru hdfk frpelqdwlrq
ri hgxfdwlrq ohyho +l, dqg djh jurxs +d,1 Wklv fruuhfwlrq uholhv rq wzr
dvvxpswlrqv zklfk rqo| frqfhuq htxdwlrq +d5,= +l, Wkh qxpehu ri hq0
wudqwv lqwr xqhpsor|phqw dw f 5 +5>4>3, l vw k hv d p hd vw k hq x p e h u
ri hqwudqwv dw f @4dqg +ll, wkh fdohqgdu wlph ghshqghqfh ri wkh kd}dug
udwh dw f 5 +5>4>3, l vw k hv d p hd vw k hr q hd wf @4 1 Wkhvh dvvxps0
wlrqv fdq eh mxvwlhg vlqfh wkh vwdwh ri wkh exvlqhvv f|foh dw wkh ehjlq
ri rxu revhuydwlrq shulrg zdv forvh wr wkh rqh revhuyhg wkuhh txduwhuv
hduolhu +hfrqrplf shdn dw wkh hqg ri wkh hljkwlhv,14<9 Fkdswhu 7
71;16 Dsshqgl{ 6= Lghqwlfdwlrq lvvxhv
Lq wklv dsshqgl{/ zh jlyh wkh olqhdu dssur{lpdwlrq ri wkh h{suhvvlrq
+7149, durxqg ￿
S @3lq rughu wr xqghuvwdqg wkh frqglwlrqv xqghu zklfk








































































































Wkh pdwfklqj hodvwlflwlhv/  dqg / duh lghqwlhg iurp/ uhvshfwlyho|/
wkh yduldwlrqv ri X￿ dqg Y lq hdfk htxdwlrq1 Wkh lqglylgxdo vhdufk
hhfwlyhqhvv/ h%/ lv lghqwlhg e| wkh yduldwlrq ri k￿ lq wkh gxudwlrq dqg
djh glphqvlrqv1 Wkhq frqvlghu wkh lghqwlfdwlrq ri wkh frqvwdqw whup lq
wkh mre frpshwlwlrq dqg ydfdqf| ixqfwlrqv/ uhvshfwlyho| ￿
f lq +7153, dqg
y￿f lq +714<,1 Lghqwlfdwlrq ri ￿
f frphv iurp yduldwlrqv ri wkh X￿X￿3￿
udwlr lq wkh htxdwlrqv ri k￿
%S dqg k￿3￿
%S 1 Li wkh hyroxwlrq ri X￿ grhv qrw
h{dfwo| iroorzv wkh hyroxwlrq ri X￿3￿/ lghqwlfdwlrq ri ￿
f lv hqvxuhg1
Wkh sdudphwhu y￿f lv wkhq vlpso| d frqvwdqw whup e| vfkrrolqj ohyho/
lghqwlhg e| wkh uhpdlqlqj yduldwlrq ehwzhhq h{lw udwhv e| vfkrrolqj
ohyhov1 Dv d frqvhtxhqfh/ zh pxvw dvvxph wkdw wkh lqglylgxdo vhdufk
hhfwlyhqhvv/ h%/ grhv qrw ghshqg rq wkh ohyho ri hgxfdwlrq1 Li zh doorz
y￿ wr ydu| ryhu fdohqgdu wlph/ zh fdqqrw doorz dqrwkhu sdudphwhu wr ydu|Fkdswhu 7 4<:
vlpxowdqhrxvo| zlwk fdohqgdu wlph dqg hgxfdwlrq1 Wklv lv ehfdxvh rqo|
rqh vhw ri sdudphwhuv/ y￿? dqg y￿r lq +714<,/ fdq fdswxuh wkh uhpdlqlqj
lqwhudfwlrq ehwzhhq wkh fdohqgdu wlph dqg wkh vfkrrolqj ohyho lq wkh
prgho1 Zh fdq doorz dw prvw iru d frpprq fdohqgdu wlph hhfw lq ￿/
l1h1 ? dqg r lq +7153,14<; Fkdswhu 7
71;17 Dsshqgl{ 7= Wzr0vwhs hvwlpdwlrq surfhgxuh
Lq wklv dsshqgl{/ zh jlyh wkh hvwlpdwlrq surfhgxuh ri wkh prgho +7159,=
a }￿







%S>l @4 >5>6>7 +d6,








Vlqfh wkh qxpehu ri rxw rzv/ I￿
%S/ lq wkh hpslulfdo hvwlpdwru a S￿
%S kdv
d elqrpldo glvwulexwlrq zlwk d suredelolw| ri cvxffhvv* S￿
%S frqglwlrqdo
rq wkh qxpehu ri lqglylgxdov dw ulvn/ X￿











2 @ a S￿
%S












Wkh hvwlpdwhg yduldqfh pdwul{ ri wkh dssur{lpdwlrq huuru/ vd| a %S/k d v




























Wkh vshflfdwlrq huuruv/ %￿





















iru f￿ 9@ f iru doo l dqg m1 Wkhlu yduldqfh0fryduldqfh pdwul{ lv ghqrwhg 	1
Zlwk wkhvh glvwulexwlrqdo dvvxpswlrqv/ wkh vshflfdwlrq huuruv fdq glhu
dfurvv hgxfdwlrq ohyho dqg fdq eh fruuhodwhg1 Wkh odwwhu dvvxpswlrq lv
qhhghg iru jlyhq wkh ghwhuplqdqwv ri wkh rxw rz udwh e| vfkrrolqj ohyho
duh lqwhu0uhodwhg lq fdvh ri mre frpshwlwlrq1 Wkh dssur{lpdwlrq huuruv
$￿
%S duh dvvxphg wr eh lqghshqghqw ri wkh vshflfdwlrq huuruv %￿
%S iru doo
￿DWkh fryduldqfh lv }hur1Fkdswhu 7 4<<
l dqg f1 Wkh yduldqfh0fryduldqfh pdwul{ iru wkh huuruv lq prgho +d6, kdv
wkhuhiruh wkh eorfn gldjrqdo irup +wkh vxevfulswv {f kdyh ehhq uhsodfhg












@.+ L  	, +g6,
zkhuh 	 lv wkh yduldqfh0fryduldqfh pdwul{ ri wkh vshflfdwlrq huuruv/
 lv wkh eorfn gldjrqdo pdwul{ ^%S`/ L lv dq lghqwlw| pdwul{ ri rughu
Q @4 6 5+wkh qxpehu ri { dqg f frpelqdwlrqv,/ dqg  lv wkh Nurqhfnhu
surgxfw1
Wkh hvwlpdwlrq surfhgxuh frqvlvwv wkhq lq wzr0vwhsv1 Lq d uvw vwhs
zh hvwlpdwh wkh prgho +d6, e| Ruglqdu| Ohdvw Vtxduhv +ROV,1 Rq wkh










2/ zh fdq fdofxodwh d frqvlvwhqw hvwlpdwh ri wkh

















zkhuh wkh yduldqfh0fryduldqfh pdwul{ V lv wkh xqdgmxvwhg uhvlgxdo fr0
yduldqfh pdwul{1 Lq d vhfrqg vwhs/ zh hvwlpdwh wkh yduldqfh0fryduldqfh
pdwul{  e| frpelqlqj a  dqg a 	 lq wkh irup ri +g4, dqg dsso| JOV wr
wkh prgho +d6,1533 Fkdswhu 7
71;18 Dsshqgl{ 8= Hvwlpdwlrq uhvxowv
Wdeoh 71:= Kd}dug prgho +7159, hvwlpdwhv dqg vshflfdwlrq whvwv
Variables SD







b 0.73 0.13 0.81 0.12 0.66 0.05 0.63 0.04
a 0.62 0.25 0.52 0.14 0.34 0.37
p 0.18 0.40 0.10 0.27 -0.19 0.20 0.00
2. Matching efficiency
Duration (in quarters)
g2 -0.24 0.02 -0.24 0.02 -0.24 0.02 -0.24 0.02
g3 -0.40 0.02 -0.41 0.02 -0.40 0.02 -0.40 0.02
g4 -0.57 0.02 -0.57 0.02 -0.57 0.02 -0.57 0.02
Age (aged 29-44 years old)
h2 -0.26 0.02 -0.26 0.02 -0.25 0.02 -0.26 0.02
3. Vacancy parameters
Primary (v1c)
constant -5.60 3.23 -4.82 2.08 -1.30 0.21 -1.46 0.12
winter -0.25 0.10 -0.22 0.07 -0.33 0.06 -0.31 0.06
spring 0.14 0.10 0.11 0.06 0.09 0.08 0.15 0.05
summer -0.04 0.08 -0.03 0.07 -0.12 0.05 -0.12 0.06
p1 -0.08 0.08 0.00 0.00 0.00
p2 0.08 0.05 0.00 0.00 0.00
Lower secondary (v2c)
constant -6.03 3.27 -5.11 2.09 -1.57 0.26 -1.73 0.19
winter -0.22 0.10 -0.20 0.08 -0.32 0.06 -0.30 0.06
spring 0.12 0.10 0.08 0.07 0.05 0.08 0.11 0.06
summer 0.01 0.08 0.01 0.07 -0.08 0.06 -0.08 0.06
p1 0.10 0.14 0.00 0.00 0.00
p2 -0.15 0.11 0.00 0.00 0.00
Upper secondary (v3c)
constant -7.00 3.31 -6.01 2.05 -2.57 0.39 -2.78 0.34
winter -0.40 0.12 -0.38 0.11 -0.55 0.06 -0.54 0.06
spring -0.47 0.15 -0.48 0.13 -0.68 0.07 -0.65 0.06
summer -0.74 0.24 -0.70 0.20 -1.03 0.09 -1.05 0.09
p1 0.13 0.16 0.00 0.00 0.00
p2 -0.21 0.16 0.00 0.00 0.00
Higher education (v4c)
constant -22.40 12.38 -20.71 7.75 -18.58 7.18 -17.74 6.53
winter -1.09 0.86 -1.12 0.78 -2.03 0.85 -1.96 0.88
spring -0.40 0.87 -0.54 0.67 -1.06 0.63 -0.98 0.63
summer -1.36 1.26 -1.05 0.98 -1.64 0.91 -1.83 1.00
p1 19.25 14.71 18.47 10.34 19.15 9.90 17.56 8.91
p2 -9.46 7.73 -0.79 4.84 -8.82 4.43 -8.13 4.03
Qrwh= Lq juh|/ uhvwulfwhg sdudphwhuv1
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 7 534
Wdeoh 71:= +Frqwlqxhg,












constant 1.90 0.32 1.89 0.40 1.81 0.33 1.81 0.32
Common time dependence
p1 -0.16 0.15 0.05 0.05 0.10 0.04 0.10 0.04
p2 0.27 0.14 0.03 0.03 0.05 0.03 0.06 0.03
















Number of observations 528 528 528 528
Number of estimated parameters 36 30 29 28
Weighted sum of squared residuals 504.43 508.94 503.60 504.25
P-value of the goodness-of-fit test 0.339
P-value of the restrictions test 0.608 0.152 0.259535 Fkdswhu 7
Wdeoh 71;= Ehqfkpdun prgho hvwlpdwhv +Prgho +7159, zlwk ;l 5








b 0.63 0.04 0.51 0.03 0.54 0.04
a=1-b 0.37 0.49 0.46
2. Matching efficiency
Duration (in quarters)
g2 -0.24 0.02 -0.24 0.02 -0.24 0.02
g3 -0.40 0.02 -0.41 0.02 -0.41 0.02
g4 -0.57 0.02 -0.58 0.02 -0.58 0.02
Age (aged 29-44 years old)
h2 -0.26 0.02 -0.25 0.02 -0.26 0.02
3. Vacancy parameters
Primary (v1c)
constant -1.46 0.12 -2.19 0.14 -2.07 0.13
winter -0.31 0.06 -0.42 0.07 -0.37 0.07
spring 0.15 0.05 0.20 0.07 0.20 0.06
summer -0.12 0.06 -0.19 0.07 -0.15 0.07
Lower secondary (v2c)
constant -1.73 0.19 -2.00 0.12 -1.45 0.12
winter -0.30 0.06 -0.46 0.07 -0.38 0.06
spring 0.11 0.06 0.13 0.06 0.13 0.06
summer -0.08 0.06 -0.18 0.07 -0.15 0.06
Upper secondary (v3c)
constant -2.78 0.34 -2.08 0.09 -3.30 0.42
winter -0.54 0.06 -0.33 0.07 -0.60 0.08
spring -0.65 0.06 0.02 0.07 -0.70 0.08
summer -1.05 0.09 -0.34 0.08 -1.19 0.11
Higher education (v4c)
constant -18.11 6.79 -2.07 0.05 -16.49 4.98
winter -1.99 0.88 -0.73 0.07 -2.11 0.94
spring -1.00 0.64 -0.80 0.06 -1.12 0.63
summer -1.82 1.00 -1.39 0.10 -2.48 1.15
p1 18.08 9.27 0.07 0.03 15.07 6.74
p2 -8.37 4.19 0.01 0.03 -6.85 2.95
Qrwh= Lq juh|/ uhvwulfwhg sdudphwhuv1
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 7 536
Wdeoh 71;= +Frqwlqxhg,












constant 1.81 0.32 1.73 0.30
Common time dependence
p1 0.10 0.04 -0.02 0.03
p2 0.06 0.03 0.04 0.03
















Number of observations 528 528 528
Number of estimated parameters 28 23 27
Weighted sum of squared residuals 501.777 546.24 522.69
P-value of the goodness-of-fit test 0.469
P-value of the restrictions test 0.000 0.000537 Fkdswhu 7
Wdeoh 71<= Ehqfkpdun prgho hvwlpdwhv +Prgho +7159, zlwk ;l 5
i4>5>6j = y￿? @3 > .  @4 > @3 , dqg vshflfdwlrq whvwv rq wkh
ydfdqf| sdudphwhuv
Variables SD
v 1c=v 2c SD
v 3s=v 4s SD
1. Matching elasticities
b 0.63 0.04 0.63 0.04 0.63 0.04
a=1-b 0.37 0.37 0.37
2. Matching efficiency
Duration (in quarters)
g2 -0.24 0.02 -0.24 0.02 -0.24 0.02
g3 -0.40 0.02 -0.40 0.02 -0.40 0.02
g4 -0.57 0.02 -0.57 0.02 -0.57 0.02
Age (aged 29-44 years old)
h2 -0.26 0.02 -0.26 0.02 -0.26 0.02
3. Vacancy parameters
Primary (v 1c)
constant -1.46 0.12 -1.55 0.11 -1.45 0.12
winter -0.31 0.06 -0.31 0.05 -0.31 0.06
spring 0.15 0.05 0.13 0.05 0.15 0.05
summer -0.12 0.06 -0.10 0.05 -0.12 0.06
Lower secondary (v 2c)
constant -1.73 0.19 -1.55 -1.74 0.19
winter -0.30 0.06 -0.31 -0.29 0.06
spring 0.11 0.06 0.13 0.11 0.06
summer -0.08 0.06 -0.10 -0.08 0.06
Upper secondary (v 3c)
constant -2.78 0.34 -2.80 0.32 -2.85 0.36
winter -0.54 0.06 -0.54 0.06 -0.60 0.05
spring -0.65 0.06 -0.65 0.06 -0.67 0.05
summer -1.05 0.09 -1.05 0.09 -1.09 0.08
Higher education (v 4c)
constant -18.11 6.79 -17.38 6.10 -14.88 4.98
winter -1.99 0.88 -1.98 0.87 -0.60
spring -1.00 0.64 -0.94 0.61 -0.67
summer -1.82 1.00 -1.99 1.07 -1.09
p1 18.08 9.27 17.01 8.28 13.73 6.55
p2 -8.37 4.19 -7.91 3.77 -6.48 3.17
Qrwh= Lq juh|/ uhvwulfwhg sdudphwhuv1
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 7 538
Wdeoh 71<= +Frqwlqxhg,












constant 1.81 0.32 1.81 0.28 1.88 0.35
Common time dependence
p1 0.10 0.04 0.10 0.05 0.09 0.04
p2 0.06 0.03 0.07 0.03 0.06 0.03
Number of observations 528 528 528
Number of estimated parameters 28 24 25
Weighted sum of squared residuals 501.78 506.72 505.80
P-value of the goodness-of-fit test 0.469
P-value of the restrictions test 0.293 0.259539 Fkdswhu 7
Wdeoh 7143= Ehqfkpdun prgho hvwlpdwhv dqg hvwlpdwhv iru |rxqj shrsoh
rqo|
Variables Benchmark SD Age <=28 SD
1. Matching elasticities




g2 -0.24 0.02 -0.20 0.02
g3 -0.40 0.02 -0.35 0.03
g4 -0.57 0.02 -0.50 0.03




constant -1.46 0.12 -1.85 0.11
winter -0.31 0.06 -0.25 0.06
spring 0.15 0.05 0.13 0.05
summer -0.12 0.06 -0.08 0.06
Lower secondary (v 2c)
constant -1.73 0.19 -1.72 0.13
winter -0.30 0.06 -0.25 0.05
spring 0.11 0.06 0.09 0.05
summer -0.08 0.06 -0.02 0.06
Upper secondary (v3c)
constant -2.78 0.34 -2.53 0.27
winter -0.54 0.06 -0.43 0.06
spring -0.65 0.06 -0.53 0.06
summer -1.05 0.09 -0.82 0.08
Higher education (v 4c)
constant -18.11 6.79 -17.48 8.09
winter -1.99 0.88 -2.05 0.85
spring -1.00 0.64 -1.24 0.65
summer -1.82 1.00 -1.74 0.85
p1 18.08 9.27 18.12 11.27
p2 -8.37 4.19 -7.94 4.71
Qrwh= Lq juh|/ uhvwulfwhg sdudphwhuv1
+wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 7 53:
Wdeoh 7143= +Frqwlqxhg,












constant 1.81 0.32 1.80 0.36
Common time dependence
p1 0.10 0.04 0.16 0.06
p2 0.06 0.03 0.04 0.04
















Number of observations 528 264
Number of estimated parameters 28 27
Weighted sum of squared residuals 501.78 258.84
P-value of the goodness-of-fit test 0.469 0.15853; Fkdswhu 7
Wdeoh 7144= Ehqfkpdun prgho hvwlpdwhv zlwk ydfdqf| sdudphwhuv dqg
zlwk wljkwqhvv sdudphwhuv








g2 -0.24 0.02 -0.24 0.02
g3 -0.40 0.02 -0.40 0.02
g4 -0.57 0.02 -0.57 0.02
Age (aged 29-44 years old)
h2 -0.26 0.02 -0.25 0.02
3. Vacancy or tightness parameters
Primary (v 1c or q
*
1c)
constant -1.46 0.12 -0.45 0.29
winter -0.31 0.06 -0.36 0.09
spring 0.15 0.05 0.12 0.06
summer -0.12 0.06 -0.18 0.08
p1 0.01 0.09
p2 0.14 0.06
Lower secondary (v 2c or q
*
2c)
constant -1.73 0.19 -0.77 0.40
winter -0.30 0.06 -0.33 0.09
spring 0.11 0.06 0.08 0.07
summer -0.08 0.06 -0.12 0.08
p1 0.18 0.12
p2 -0.10 0.11
Upper secondary (v 3c or q
*
3c)
constant -2.78 0.34 -1.22 0.65
winter -0.54 0.06 -0.54 0.10
spring -0.65 0.06 -0.64 0.09
summer -1.05 0.09 -1.00 0.17
p1 0.04 0.15
p2 -0.17 0.15
Higher education (v 4c or q
*
4c)
constant -18.11 6.79 -9.41 4.12
winter -1.99 0.88 -1.19 0.68
spring -1.00 0.64 -0.82 0.59
summer -1.82 1.00 -2.00 1.22
p1 18.08 9.27 8.96 4.72
p2 -8.37 4.19 -4.61 2.58
Qrwh= Lq juh|/ uhvwulfwhg sdudphwhuv1
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 7 53<
Wdeoh 7144= +Frqwlqxhg,












constant 1.81 0.32 1.82 0.33
Common time dependence
p1 0.10 0.04 -0.15 0.16
p2 0.06 0.03 0.26 0.15
















Number of observations 528 528
Number of estimated parameters 28 34
Weighted sum of squared residuals 501.78 502.34
P-value of the goodness-of-fit test 0.469 0.388543 Fkdswhu 7
Wdeoh 7145= Ehqfkpdun prgho hvwlpdwhv zlwk wljkwqhvv sdudphwhuv dqg
vshflfdwlrq whvwv rq wkh wljkwqhvv sdudphwhuv
Variables SD





and         
q*in=0   
(i=1,2,3)
SD





(i=2,3)      
and         
q*in=0   
(i=1,2,3) SD





(i=2,3,4)    
and         
q*in=0   
(i=1,2,3,4) SD
1. Matching elasticities
b 0.62 0.11 0.55 0.04 0.56 0.04 0.55 0.04
a 0.38 0.38 0.38 0.38
2. Matching efficiency
Duration (in quarters)
g2 -0.24 0.02 -0.24 0.02 -0.24 0.02 -0.24 0.02
g3 -0.40 0.02 -0.41 0.02 -0.41 0.02 -0.40 0.02
g4 -0.57 0.02 -0.58 0.02 -0.58 0.02 -0.58 0.02
Age (aged 29-44 years old)
h2 -0.25 0.02 -0.25 0.02 -0.25 0.02 -0.25 0.02
3. Tightness parameters
Primary (q*1c)
constant -0.45 0.29 -0.79 0.14 -0.81 0.14 -0.87 0.13
winter -0.36 0.09 -0.39 0.06 -0.40 0.06 -0.41 0.06
spring 0.12 0.06 0.11 0.05 0.12 0.06 0.13 0.06
summer -0.18 0.08 -0.20 0.06 -0.23 0.06 -0.24 0.06
p10 . 0 1 0.09 0.00 0.00 0.00
p20 . 1 4 0.06 0.00 0.00 0.00
Lower secondary (q*2c)
constant -0.77 0.40 -0.79 -0.81 -0.87
winter -0.33 0.09 -0.39 -0.41 0.07 -0.46 0.07
spring 0.08 0.07 0.11 0.09 0.06 0.04 0.07
summer -0.12 0.08 -0.20 -0.15 0.07 -0.22 0.07
p10 . 1 8 0.12 0.00 0.00 0.00
p2 -0.10 0.11 0.00 0.00 0.00
Upper secondary (q*3c)
constant -1.22 0.65 -1.43 0.36 -0.81 -0.87
winter -0.54 0.10 -0.63 0.07 -0.52 0.08 -0.29 0.10
spring -0.64 0.09 -0.70 0.08 -0.53 0.08 -0.15 0.11
summer -1.00 0.17 -1.15 0.10 -0.91 0.10 -0.48 0.11
p10 . 0 4 0.15 0.00 0.00 0.00
p2 -0.17 0.15 0.00 0.00 0.00
Higher education (q*4c)
constant -9.41 4.12 -30.48 33.09 -9.50 21.11 -0.87
winter -1.19 0.68 -1.99 1.44 -1.61 0.67 -0.69 0.09
spring -0.82 0.59 -0.37 2.77 -2.00 0.87 -0.75 0.10
summer -2.00 1.22 -2.95 3.69 -10.45 91.29 -1.43 0.16
p18 . 9 6 4.72 35.09 42.54 5.50 2.26 0.00
p2 -4.61 2.58 -18.33 24.49 -3.45 1.34 0.00
Qrwh= Lq juh|/ uhvwulfwhg sdudphwhuv1
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 7 544
Wdeoh 7145= +Frqwlqxhg,












constant 1.82 0.33 1.65 0.23 1.09 0.05 0.09 0.04
Common time dependence
p1 -0.15 0.16 -0.05 0.04 -0.10 0.05 -0.02 0.05
p2 0.26 0.15 0.03 0.03 0.07 0.04 0.00 0.04
Number of observations 528 528 528 528
Number of estimated parameters 34 24 26 23
Weighted sum of squared residuals 502.34 519.62 520.21 528.55
P-value of the goodness-of-fit test 0.388
P-value of the restrictions test 0.068 0.022 0.006545 Fkdswhu 7
Wdeoh 7146= Ehqfkpdun prgho hvwlpdwhv zlwk wljkwqhvv sdudphwhuv dqg









g2 -0.24 0.02 -0.24 0.02
g3 -0.40 0.02 -0.40 0.02
g4 -0.57 0.02 -0.57 0.02
Age (aged 29-44 years old)





constant -0.45 0.29 -0.94 0.29
winter -0.36 0.09 -0.39 0.09
spring 0.12 0.06 0.13 0.06
summer -0.18 0.08 -0.20 0.08
p10 . 0 1 0.09 0.01 0.07




constant -0.77 0.40 -0.67 0.25
winter -0.33 0.09 -0.43 0.10
spring 0.08 0.07 0.07 0.06
summer -0.12 0.08 -0.18 0.08
p10 . 1 8 0.12 -0.03 0.08




constant -1.22 0.65 -0.27 0.18
winter -0.54 0.10 -0.30 0.08
spring -0.64 0.09 0.01 0.06
summer -1.00 0.17 -0.26 0.09
p10 . 0 4 0.15 -0.05 0.08




constant -9.41 4.12 0.30 0.09
winter -1.19 0.68 -0.47 0.10
spring -0.82 0.59 -0.41 0.08
summer -2.00 1.22 -0.88 0.18
p18 . 9 6 4.72 0.02 0.07
p2 -4.61 2.58 0.00 0.03
Qrwh= Lq juh|/ uhvwulfwhg sdudphwhuv1
+Wdeoh frqwlqxhg rq qh{w sdjh,Fkdswhu 7 546
Wdeoh 7146= +Frqwlqxhg,
















Number of observations 528 528
Number of estimated parameters 34 29
Weighted sum of squared residuals 502.34 517.51
P-value of the goodness-of-fit test 0.388
P-value of the restrictions test 0.010547548
Fkdswhu 8
Jhqhudo Frqfoxvlrq
Wkh remhfwlyh ri rxu grfwrudo wkhvlv lv wr txhvwlrq wkh fdxvhv ri xq0
hpsor|phqw shuvlvwhqfh lq Ehojlxp dqg e| wklv zd|/ wr frqwulexwh wr
wkh ghvljq ri pruh hhfwlyh oderxu pdunhw srolflhv1 Wr wkdw sxusrvh/ zh
frqgxfw dq lq0ghswk hfrqrphwulf dqdo|vlv ri wkh  rzv rxw ri xqhpsor|0
phqw lq wklv frxqwu|1 Zh vxppdulvh khuh wkh pdlq uhvxowv ri wkh wkuhh
fkdswhuv ri rxu grfwrudo wkhvlv1 Iru hdfk fkdswhu/ zh wkhq vkrz krz
wkhlu qglqjv lpsuryh erwk wkh gldjqrvlv ri xqhpsor|phqw shuvlvwhqfh
dqg wkh ghvljq ri dfwlyh oderxu pdunhw srolflhv lq Ehojlxp1 Ilqdoo|/ zh
jlyh wkh pdlq phwkrgrorjlfdo frqwulexwlrqv ri wkh wkuhh fkdswhuv dqg
surylgh vrph wudfnv iru ixwxuh uhvhdufk1
814 Vxppdu| ri wkh uhvxowv
Lq Fkdswhu 5/ zh lqyhvwljdwh zkdw fdxvhv wkh djjuhjdwh h{lw udwh rxw ri
xqhpsor|phqw wr ghfolqh vwurqjo| ryhu gxudwlrq dqg wr ydu| ryhu fdohq0
gdu wlph lq Zdoorqld1 Wr wkdw sxusrvh/ zh vshfli| d pl{hg sursruwlrqdo
kd}dug +PSK, prgho zkhuh wkh glvwulexwlrq ri khwhurjhqhlw| ghshqgv
rq vhdvrqv dqg wkh exvlqhvv f|foh dw wkh wlph ri hqwu|1 Zh dovr doorz
wkh wuxh gxudwlrq ghshqghqfh ri wkh h{lw udwh wr ydu| qrq0sursruwlrqdoo|
ehwzhhq d errp dqg d uhfhvvlrq lq rughu wr whvw wkh udqnlqj k|srwkh0
vlv/ d uhfuxlwphqw uxoh zklfk frqvlvwv lq klulqj wkh fdqglgdwh zlwk wkh
vkruwhvw xqhpsor|phqw gxudwlrq1 Zh hvwlpdwh rxu prgho e| Plqlpxp
Fkl0Vtxduhv rq txduwhuo| h{lw udwhv ri pdoh zrunhuv  rzlqj lqwr xq0549 Fkdswhu 8
hpsor|phqw ehwzhhq Mxqh 4<;< dqg Iheuxdu| 4<<71 Zh glvwlqjxlvk
e h w z h h qw z rd j hj u r x s v /z r u n h u vd j h go h v vw k d q5 <d q ge h w z h h q5 <d q g
77 |hduv rog1
Iru erwk djh jurxsv/ zh qg wkdw khwhurjhqhlw| lqgxfhv vljqlfdqw
vsxulrxv qhjdwlyh gxudwlrq ghshqghqfh ri wkh djjuhjdwh h{lw udwh rxw ri
xqhpsor|phqw1 Gxulqj d uhfhvvlrq/ wkh lqglylgxdo rxw rz udwh ri sulph0
djhg phq lv/ li dq|wklqj/ voljkwo| ghfuhdvlqj ryhu wkh uvw 418 |hduv ri
xqhpsor|phqw/ dqg h{klelwv vljqlfdqw qhjdwlyh gxudwlrq ghshqghqfh
rqzdugv1 Diwhu wzr |hduv dqg d kdoi ri xqhpsor|phqw wkh h{lw udwh
kdv gursshg e| 53(1 Zkhq wkh oderxu pdunhw frqglwlrqv dpholrudwh/
gxudwlrq ghshqghqfh lv voljkwo| srvlwlyh1 Lw kdv ehhq vkrzq wkdw wklv
surylghv hylghqfh ri udqnlqj iru wkh dgxow xqhpsor|hg1 Iru wkh |rxqj
p h q /w k hl q g l y l g x d oh { l wu d w hf d q q r we hu h m h f w h gw re hf r q v w d q wr y h ud o o
gxudwlrqv/ zkdwhyhu wkh vwdwh ri wkh exvlqhvv f|foh1 Udqnlqj lv wkhuhiruh
qrw lpsruwdqw iru wkh |rxqj xqhpsor|hg1
Iru wkh phq djhg 5<077/ wkh surf|folfdo yduldwlrq ri wkh djjuhjdwh h{lw
udwh lq Zdoorqld lv gulyhq e| d f|folfdo  xfwxdwlrq lq wkh lqglylgxdo h{lw
udwh ri doo fxuuhqwo| xqhpsor|hg +l1h1 jhqhudo hhfw, udwkhu wkdq e| d
fkdqjh lq wkh dyhudjh txdolw| ri wkh qhz hqwudqwv zlwklq wkh hfrqrplf
f|foh +l1h1 frpsrvlwlrq hhfw,1 Wklv qglqj lv lq olqh zlwk wkh uhvxowv
rewdlqhg zlwk Iuhqfk gdwd1 Rq wkh rwkhu kdqg/ wkh vwurqj ghfolqh lq
wkh lqglylgxdo rxw rz udwh ri wkh |rxqj zrunhuv lq uhfhvvlrq vhhpv wr eh
plwljdwhg dw wkh djjuhjdwh ohyho e| d vljqlfdqw lqfuhdvh lq wkh txdolw| ri
wkrvh  rzlqj lqwr xqhpsor|phqw1 Vhdvrqdo  xfwxdwlrqv lq wkh djjuhjdwh
h{lw udwh duh wkh uhvxow ri odujh vhdvrqdo yduldwlrqv erwk lq wkh lqglylgxdo
rxw rz udwh dqg lq wkh dyhudjh fkdudfwhulvwlfv ri wkh lq rz1
Lq Fkdswhu 6/ zh lqyhvwljdwh zkhwkhu wkh glyhujlqj hyroxwlrq lq wkh
xqhpsor|phqw vwrfn lq Iodqghuv dqg Zdoorqld fdq eh h{sodlqhg e| gli0
ihuhqw hyroxwlrqv lq wkhlu dyhudjh xqhpsor|phqw gxudwlrq dqg2ru wkhlu
xqhpsor|phqw lqflghqfh1 Wr wkdw sxusrvh/ zh surfhhg lq wzr vwdjhv1 Lq
w k h u v wv w d j h /z hh v w l p d w hdP S Kp r g h oe |u h j l r q /d q gg h f r p s r v hy d u l 0
dwlrqv lq wkh djjuhjdwh rxw rz udwh ryhu fdohqgdu wlph ehwzhhq d jhq0
hudo hhfw dqg d frpsrvlwlrq hhfw1 Zh dovr vshfli| d qrq0sursruwlrqdo
prgho wr fkhfn zkhwkhu wkh jhqhudo hhfw ri wkh fdohqgdu wlph zdv wkh
vdph iru xqhpsor|hg zrunhuv zlwk glhuhqw vfkrrolqj ohyhov dqg surylqfh
ri olylqj/ lq hdfk uhjlrq1 Lq wkh vhfrqg vwdjh/ zh ghfrpsrvh yduldwlrqvFkdswhu 8 54:
ri wkh xqhpsor|phqw vwrfn lq Iodqghuv dqg Zdoorqld lqwr dq lqflghqfh
hhfw dqg wkh gxudwlrq hhfw hvwlpdwhg lq wkh uvw vwdjh1 Zh hvwlpdwh
rxu prgho e| Plqlpxp Fkl0Vtxduhv rq |hduo| h{lw udwhv ri pdoh zrunhuv
djhg 58077 dqg  rzlqj lqwr xqhpsor|phqw lq wkh prqwk ri Mxqh/ hdfk
|hdu iurp 4<:5 wr 4<<51
Ryhu wkh 4<:604<<6 shulrg/ xqhpsor|phqw lqfuhdvhg pruh pdunhgo| lq
Zdoorqld gxh wr d vwurqjhu wuhqg lq dyhudjh xqhpsor|phqw gxudwlrq dqg/
wr d ohvv h{whqw/ d pruh srvlwlyh wuhqg lq lqflghqfh1 Dv d frqvhtxhqfh/
fkdqjhv lq xqhpsor|phqw duh grplqdwhg e| dq xszdug wuhqg lq Zdo0
orqld zkloh f|folfdo fkdqjhv duh uhodwlyho| pruh lpsruwdqw lq Iodqghuv1
Rxu uhvxowv lqglfdwh wkdw wkh frpsrvlwlrq ri wkh xqhpsor|hg srsxodwlrq
fdqqrw h{sodlq wkh odujhu wuhqg lq wkh dyhudjh xqhpsor|phqw gxudwlrq
lq Zdoorqld1 Rq wkh frqwudu|/ wkh vwuxfwxudo ulvh lq gxudwlrq zrxog kdyh
ehhq kljkhu lq erwk uhjlrqv li wkh dyhudjh txdolw| ri hqwudqwv kdg qrw
lpsuryhg ryhu wkh shulrg1 Wkh odujhu lqfuhdvh lq wkh dyhudjh gxudwlrq
lq Zdoorqld lv rqo| dffrxqwhg iru e| d vwurqjhu wuhqg lq lqglylgxdo gx0
udwlrqv/ zklfk lv wzlfh dv odujh wkh rqh hvwlpdwhg lq Iodqghuv1
Dffruglqj wr rxu uhvxowv/ wkh ghwhulrudwlrq ri wkh uh0hpsor|phqw sured0
elolw| lq erwk uhjlrqv uh hfwv glhuhqw hyroxwlrqv dfurvv vnloo jurxsv dqg
surylqfhv1 Lq Zdoorqld/ wkh glvsdulw| ehwzhhq h{lw udwhv e| vfkrrolqj
ohyho zdv douhdg| odujh lq 4<:6/ sduwlfxoduo| dw wkh orzhu ohyhov ri hgx0
fdwlrq/ dqg uhlqirufhg pdunhgo| ryhu wkh zkroh shulrg1 Kdylqj d kljkhu
hgxfdwlrq ghjuhh glg qrw udlvh wkh uh0hpsor|phqw udwh lq 4<:6/ zkloh lw
lqfuhdvhg wklv udwh e| 75( lq 4<<61 Wkh glvsdulw| ehwzhhq wkh rxw rz
udwh e| vfkrrolqj ohyho dovr zlghqhg lq Iodqghuv/ exw uhpdlqhg dw d orz
ohyho dv frpsduhg wr Zdoorqld1 Pruhryhu/ wkh glhuhqfh ehwzhhq wkh
h{lw udwhv dffruglqj wr wkh surylqfh ri uhvlghqfh urvh lq Zdoorqld zkloh
lw uhgxfhg lq Iodqghuv1 Wkh klulqj survshfwv ri xqhpsor|hg zrunhuv oly0
lqj lq Kdlqdxw zhuh douhdg| wkh zruvw dprqj wkh surylqfhv ri Zdoorqld
lq 4<:6 dqg ghwhulrudwhg vwhdglo| ryhu wkh shulrg1
Wkh f|folfdo qdwxuh ri xqhpsor|phqw lv yhu| vlplodu lq wkh wzr uhjlrqv
ri Ehojlxp dqg lv fkdudfwhulvhg e| d vwurqj frxqwhuf|folfdolw|/ lq zklfk
yduldwlrqv lq xqhpsor|phqw gxudwlrq duh voljkwo| pruh lpsruwdqw wkdq
yduldwlrqv lq lqflghqfh1 Lq erwk uhjlrqv/ wkh f|folfdo yduldelolw| lq gx0
udwlrq lv gulyhq e| f|folfdo yduldwlrqv lq wkh lqglylgxdo gxudwlrqv udwkhu
wkdq e| fkdqjhv lq wkh txdolw| ri hqwudqwv1 Rxu uhvxowv duh wkxv lq olqh54; Fkdswhu 8
zlwk prvw ri wkh vwxglhv edvhg rq Hxurshdq gdwd/ zklfk frqfoxgh wkdw
frpsrvlwlrq hhfwv duh ri plqru lpsruwdqfh wr dffrxqw iru f|folfdo  xf0
wxdwlrqv lq wkh djjuhjdwh h{lw udwh rxw ri xqhpsor|phqw1 Lqglylgxdo
gxudwlrqv duh frxqwhuf|folfdo/ wkhlu sdwwhuq ehlqj yhu| vlplodu lq Iodq0
ghuv dqg lq Zdoorqld ryhu wkh zkroh shulrg1 Hyhq li lwv lpsdfw rq wkh
djjuhjdwh h{lw udwh lv pdujlqdo/ zh fdq vwdwh wkdw wkh frpsrvlwlrq ri wkh
lq rz lv frxqwhuf|folfdo lq erwk uhjlrqv= Wkh dyhudjh txdolw| ri hqwudqwv
lqwr xqhpsor|phqw lqfuhdvhv gxulqj uhfhvvlrqv dqg idoov lq xswxuqv1
Dq lpsruwdqw qglqj ri rxu vwxg| lv dovr wkdw erwk gxudwlrq dqg lqfl0
ghqfh pdwwhu lq wkh +f|folfdo dqg vwuxfwxudo, yduldwlrq ri xqhpsor|phqw
lq Ehojlxp zkloh wkh frpprq eholhi lv wkdw fkdqjhv lq lqflghqfh lv odujho|
luuhohydqw lq Hxursh1
Wuxh qhjdwlyh gxudwlrq ghshqghqfh ri wkh rxw rz udwh dsshduv wr eh
vwurqjhu lq Iodqghuv1 Wkhuh lv d 73( ghfuhdvh lq wkh lqglylgxdo h{lw udwh
diwhu wzr |hduv ri xqhpsor|phqw lq Iodqghuv zkloh wklv ghfolqh lv rqo|
htxdo wr 58( lq Zdoorqld1 Zh dovr qg wkdw wkh uhpdlqlqj glvsdulw| lq
wkh txdolw| ri wkh xqhpsor|hg zrunhuv lv zhdn zkhq rqh dffrxqwv iru
revhuyhg glhuhqfhv lq wkhlu fkdudfwhulvwlfv1 Ilqdoo|/ wkh rxw rz udwh
ghfuhdvhv vljqlfdqwo| zlwk djh/ pruh pdunhgo| lq Iodqghuv1 Vr hyhq li
zh uhvwulfw rxu dqdo|vlv wr wkh 58077 djh jurxs/ djh zlwklq wklv jurxs
vwloo lq xhqfhv pdunhgo| wkh rxw rz suredelolw|1
Wkh dlp ri Fkdswhu 7 lv wr ghwhuplqh wkh uhodwlyh lpsruwdqfh ri
mre frpshwlwlrq dqg vnloo plvpdwfk iru d srsxodwlrq ri xqhpsor|hg mre
vhdufkhuv lq Ehojlxp1 Wr wkdw sxusrvh/ zh xvh dgplqlvwudwlyh gdwd rq
wkh h{lw udwhv iurp xqhpsor|phqw e| ohyho ri hgxfdwlrq dqg rq wkh wrwdo
qxpehu ri mre ydfdqflhv uhjlvwhuhg dw wkh sxeolf hpsor|phqw djhqf|1
Rxu revhuydwlrq shulrg udqjhv iurp Mxqh 4<;< wr Iheuxdu| 4<<71 Wkh
rxw rz udwh zdv prghoohg lq d pdwfklqj ixqfwlrq iudphzrun1 Zh dv0
vxph wkdw wkh mre pdunhw lv vhjphqwhg e| vfkrrolqj ohyho dqg wkdw hdfk
vhjphqw lv fkdudfwhulvhg e| wkh vdph mre pdwfklqj whfkqrorj|1
Zlwk mre frpshwlwlrq/ doo xqhpsor|hg zrunhuv vhdufk iru mrev lq wkhlu
rzq vhjphqw dqg vrph iudfwlrq vhdufk vlpxowdqhrxvo| lq wkh vhjphqw
mxvw ehorz wkhlu rzq1 Xqghu wklv dvvxpswlrq/ wkh wudqvlwlrq udwh rxw ri
xqhpsor|phqw e| ohyho ri hgxfdwlrq lv pdgh ri wzr frpsrqhqwv= Wkh
suredelolw| ri qglqj d mre fruuhvsrqglqj wr klv vfkrrolqj suroh dqg
wkh suredelolw| ri qglqj d grzqjudglqj mre1 Zh hvwlpdwh/ e| PlqlpxpFkdswhu 8 54<
Fkl0Vtxduhv/ wkh vwuxfwxudo irup ri wkh h{lw udwh rxw ri xqhpsor|phqw
e| ohyho ri hgxfdwlrqdo dwwdlqphqw1 Wkh sdudphwhuv ri lqwhuhvw duh wkh
h{whqw ri mre frpshwlwlrq dw hdfk vfkrrolqj ohyho dqg wkh glvwulexwlrq ri
mre rhuv dffruglqj wr wkh uhtxluhg ohyho ri hgxfdwlrq1
Zh qg wkdw wkhuh lv vljqlfdqw mre frpshwlwlrq dprqj wkh xqhpsor|hg
zrunhuv lq Zdoorqld1 Pruhryhu/ lwv h{whqw lqfuhdvhv pdunhgo| zlwk wkh
hgxfdwlrqdo dwwdlqphqw ri wkh zrunhu1 Wkh mre frpshwlwlrq sdudphwhu
i r uw k hz r u n h u vd ww k hw r sr iw k hh g x f d w l r qo d g g h ul vv rk l j kw k d wz h
fdqqrw uhmhfw wkh k|srwkhvlv wkdw doo xqhpsor|hg zrunhuv zlwk kljkhu
hgxfdwlrq vhdufk iru mrev qrupdoo| oohg e| zrunhuv zlwk dq xsshu vhf0
rqgdu| ghjuhh1 Dgrswlqj wklv vhdufk ehkdylrxu wkh| duh derxw 9 wlphv
pruh olnho| wr eh kluhg wkdq duh wkh zrunhuv zkr mxvw frpsohwhg xsshu
vhfrqgdu| vfkrro1 Wkh h{whqw ri mre frpshwlwlrq dovr zhqw xs zlwk wkh
hfrqrplf grzqwxuq ri wkh hduo| qlqhwlhv1
Rxu uhvxowv dovr lqglfdwh wkdw wkhuh lv doprvw qr mrev rhuhg wr wkh
xqhpsor|hg zrunhuv zkr frpsohwhg kljkhu hgxfdwlrq1 Iru wkh rwkhu
w|shv ri xqhpsor|hg shrsoh/ wkh qxpehu ri ydfdqflhv uhtxlulqj dq xsshu
vhfrqgdu| ghjuhh lv vljqlfdqwo| vpdoohu wkdq wkh mre rhuv dw wkh orzhu
ohyhov ri hgxfdwlrq1 Li zh wdnh lqwr dffrxqw wkh vxsso| ri vnloov/ zh
frqfoxgh wkdw wkhuh lv d uhodwlyh vkruwdjh ri mre rhuv uhtxlulqj d glsorpd
ri kljkhu hgxfdwlrq/ dqg lq d ohvv h{whqw dq xsshu vhfrqgdu| ghjuhh/ iru
wkh xqhpsor|hg zrunhuv lq Zdoorqld1 Krz gr zh h{sodlq wkhvh qglqjvB
Zh fodlp wkdw wkh vfduflw| ri mrev lq Zdoorqld pxvw dffrxqw iru wkh lq0
whqvh mre frpshwlwlrq dprqj xqhpsor|hg zrunhuv1 Vlqfh wkh plg hljkw0
lhv/ wklv uhjlrq lv fkdudfwhulvhg e| d vwuxfwxudo zhdnqhvv ri mre fuhdwlrq
lq frpsdulvrq zlwk Iodqghuv dqg rxu erughulqj frxqwulhv1 Iru wkh sh0
ulrg wkdw zh frqvlghu/ wkh hpsor|phqw jurzwk lq Zdoorqld zdv ixuwkhu
kdpshuhg e| wkh vwurqj ghwhulrudwlrq ri wkh hfrqrplf survshfwv1 Wkh
zhdnqhvv ri mre fuhdwlrq lq Zdoorqld fhuwdlqo| lqgxfhg pruh hgxfdwhg
xqhpsor|hg wr h{whqg mre vhdufk rq wkh vnloo vhjphqw ehorz wkhlu rzq/
wkhuhe| furzglqj rxw orzhu hgxfdwhg xqhpsor|hg lq wkhlu vhjphqw1
Zh dovr dujxh wkdw wkh ihz qxpehu ri mrev sursrvhg wr wkh xqhp0
sor|hg zrunhuv zlwk kljkhu hgxfdwlrq uh hfwv d uhfuxlwphqw ehkdylrxu
ri hpsor|huv zkhq mrev duh vfdufh1 Lq rxu gdwd vhw/ zh rqo| revhuyh
xqhpsor|hg zrunhuv zkr vhsdudwhg iurp wkhlu hpsor|huv dqg zkr glg
qrw gluhfwo| qg d qhz mre +l1h1 glvplvvhg zrunhuv,1 Wkhuhiruh/ rxu hv0553 Fkdswhu 8
wlpdwlrq ri ydfdqflhv e| vfkrrolqj ohyho frqfhuqv rqo| wkrvh lqwhqghg wr
wklv vhohfwlyh srsxodwlrq/z k l f kh{foxghv |rxqj vfkrro ohdyhuv dqg hp0
sor|hg mre vhhnhuv1 Jlyhq wkh odujh vxsso| ri kljko| hgxfdwhg vfkrro
ohdyhuv dqg wkh vfduflw| ri mrev/ hpsor|huv zloo qrw eh lqfolqhg wr sur0
srvh mre rhuv uhtxlulqj kljk vnloov wr wkh xqhpsor|hg zrunhuv1 Dv d
uhvxow/ wkh prvw hgxfdwhg xqhpsor|hg h{huw dq lqwhqvh mre frpshwlwlrq
rq wkh orzhu vhjphqwv1 Iru wkh orzhu ohyhov ri hgxfdwlrq/ wkh xqhp0
sor|hg srsxodwlrq wkdw zh frqvlghu lv ohvv olnho| wr eh dq dyrlgdeoh srro
ri uhfuxlwphqw/ vr wkdw zh hvwlpdwh uhodwlyho| pruh mre rhuv iru wkh orz
hgxfdwhg xqhpsor|hg1
Vlqfh zh hvwlpdwh wkh ghpdqg ri vnloov iru d sduwlfxodu srsxodwlrq ri
mre vhhnhuv/ rxu uhvxowv duh ri frxuvh qrw lqfrqvlvwhqw zlwk d vwru| ri
vnloo eldvhg whfkqrorjlfdo fkdqjh1 Lq rxu hpslulfdo iudphzrun/ zh zrxog
qhhg gdwd rq doo w|shv ri mre vhhnhuv e| ohyho ri hgxfdwlrqdo dwwdlqphqw wr
rewdlq d uholdeoh phdvxuh ri wkh ghpdqg ri vnloov lq wkh hfrqrp|/ dqg vr
plvpdwfk1 Wkh yhu| jrrg hpsor|phqw survshfwv ri xqhpsor|hg zrunhuv
zlwk kljkhu hgxfdwlrq rq mrev qrupdoo| uhtxlulqj dq xsshu vhfrqgdu|
ghjuhh frxog dfwxdoo| eh frqvlvwhqw zlwk d uhodwlyh lqfuhdvh lq wkh ghpdqg
ri kljk vnloov1 Frpsduhg zlwk rxu erughulqj frxqwulhv dqg Iodqghuv/
wkhuh lv d orz qxpehu ri |rxqj shrsoh zkr dfklhyh wkh xsshu vhfrqgdu|
vfkrro lq Zdoorqld/ sduwlfxoduo| zlwk yrfdwlrqdo dqg whfkqlfdo ghjuhhv1
Lq d frqwh{w ri vnloo eldvhg whfkqrorjlfdo fkdqjh/ hpsor|huv pd| wkhq eh
lqfolqhg wr kluh ryhuhgxfdwhg zrunhuv rq mrev qrupdoo| oohg e| zrunhuv
zlwk d whfkqlfdo glsorpd ri wkh xsshu vhfrqgdu| vfkrro1 Rxu dujxphqw
lv uhlqirufhg e| wkh revhuydwlrq wkdw d odujh pdmrulw| ri xqhpsor|hg
zrunhuv zlwk kljkhu hgxfdwlrq kdyh d yrfdwlrqdo ru whfkqlfdo ghjuhh ri
wkuhh |hduv dw wkh odwhvw +93(/ djdlqvw 63( zlwk dq xqlyhuvlw| ghjuhh,1
815 Zkdw duh wkh lpsolfdwlrqv ri wkhvh uhvxowv
rq wkh gldjqrvlv ri xqhpsor|phqw shuvlv0
whqfh lq EhojlxpB
Wkh dqdo|vlv ri Fkdswhu 5 uhyhdov wkdw wkhuh lv qr pdunhg hylghqfh
ri wuxh qhjdwlyh gxudwlrq ghshqghqfh ri wkh h{lw udwhv rxw ri xqhpsor|0
phqw lq Zdoorqld/ rqfh frqwuroolqj iru khwhurjhqhlw| lq wkh xqhpsor|hgFkdswhu 8 554
srsxodwlrq1 Rq wkh edvlv ri wkhvh uhvxowv/ zh frqfoxgh wkdw ghwhulrudwlrq
ri vnloov dqg ghprwlydwlrq gxulqj xqhpsor|phqw/ hyhq li wkh| sod| d uroh/
fdqqrw eh wkh pdlq fkdqqhov ri xqhpsor|phqw shuvlvwhqfh lq Zdoorqld1
Wkh k|vwhuhvlv gldjqrvlv ri xqhpsor|phqw shuvlvwhqfh ruljlqdwhv iurp
wkh Xqlwhg Nlqjgrp zkhuh lqglylgxdo h{lw udwhv h{klelw vwurqj qhjdwlyh
gxudwlrq ghshqghqfh1 Hpslulfdo vwxglhv rq xqhpsor|phqw gxudwlrq dqg
khwhurjhqhlw| lq Hxursh kdyh suryhq wkdw wkh Xqlwhg Nlqjgrp uhpdlqv
wkh h{fhswlrq lq d odujh srro ri frxqwulhv zkhuh wkhuh lv qr pdunhg hy0
lghqfh ri wuxh qhjdwlyh gxudwlrq ghshqghqfh1 Dprqj wklv jurxs/ wkh
gxudwlrq ghshqghqfh ri wkh lqglylgxdo rxw rz udwh lq Zdoorqld uhvhp0
eohv pxfk wr wkh rqh wkdw lv irxqg lq wkh Qhwkhuodqgv dqg lq Iudqfh1
Lq Fkdswhu 6/ zh qg wkdw d vwuxfwxudo fkdqjh lq wkh frpsrvlwlrq
ri wkh xqhpsor|hg srsxodwlrq fdqqrw h{sodlq wkh odujhu lqfuhdvh lq wkh
dyhudjh xqhpsor|phqw gxudwlrq lq Zdoorqld1 Lq erwk uhjlrqv ri Ehojlxp/
wkh txdolw| ri hqwudqwv lpsuryhg ryhu wkh 4<:604<<6 shulrg gxh wr d ulvh
lq wkh vkduh ri kljk hgxfdwhg zrunhuv lq wkh lq rz/ zkr kdyh rq dyhudjh
d odujhu wudqvlwlrq udwh rxw ri xqhpsor|phqw1 Wkh odujhu lqfuhdvh lq wkh
dyhudjh gxudwlrq lq Zdoorqld lv rqo| dffrxqwhg iru e| d vwurqjhu wuhqg
lq lqglylgxdo xqhpsor|phqw gxudwlrqv/ zklfk lv wzlfh dv odujh dv wkh rqh
h v w l p d w h gl qI o d q g h u v 1
Rq wkh edvlv ri rxu qglqjv/ zh frqfoxgh wkdw glvhpsor|delolw| hhfwv/
hyhq li wkh| sod| d uroh/ fdqqrw h{sodlq wklv glyhujlqj hyroxwlrq1 Iru/
wuxh qhjdwlyh gxudwlrq ghshqghqfh lv ohvv lpsruwdqw lq Zdoorqld wkdq
lq Iodqghuv1 Ehvlghv/ wkh uhodwlyh uroh ri gxudwlrq dqg lqflghqfh lq wkh
xqhpsor|phqw g|qdplfv lv vlplodu lq wkh wzr uhjlrqv1 Lq Iodqghuv/ wkh
uhodwlyho| odujh ghjuhh ri wuxh qhjdwlyh gxudwlrq ghshqghqfh frxog sduwo|
dffrxqw iru wkh voljkw srvlwlyh wuhqg lq lwv dyhudjh xqhpsor|phqw gx0
udwlrq= Wkh h{lvwhqfh ri glvhpsor|delolw| hhfwv frxog kdyh vrphzkdw
whpshuhg wkh hpsor|phqw jurzwk lq Iodqghuv ryhu wkh hljkwlhv1
Rxu uhvxowv duh dovr frqvlvwhqw zlwk rwkhu Ehojldq vwxglhv +vhh Elqrq hw
do1 4<<;/ Vqhhvvhqv hw do1 4<<<, zklfk fodlp wkdw vwuxfwxudo lpedodqfhv
ehwzhhq vnloo jurxsv dqg vxe0uhjlrqv sod| d fuxfldo uroh wr h{sodlq wkh
ghwhulrudwlrq ri wkh hpsor|phqw survshfwv lq Zdoorqld1 Zh qg wkdw
glvsdulwlhv lq wkh h{lw udwh iurp xqhpsor|phqw ehwzhhq zrunhuv zlwk
glhuhqw vnloov dqg surylqfh ri olylqj lqfuhdvhg pdunhgo| lq Zdoorqld/
zkloh wkh| uhpdlq dw d uhodwlyho| orz ohyho lq Iodqghuv1 Dffruglqj wr wkh555 Fkdswhu 8
deryh dxwkruv/ rqh lpsruwdqw h{sodqdwlrq ri wkh ulvlqj glvsdulwlhv eh0
wzhhq vnloo jurxsv lq Zdoorqld lv wkh odfn ri lqyhvwphqw lq hgxfdwlrq dqg
wudlqlqj srolflhv1 E| suhyhqwlqj wr surylgh d odujh qxpehu ri glvplvvhg
zrunhuv zlwk wkh dssursuldwh vnloov uhtxluhg e| wkh oderxu pdunhw/ wklv
frqwulexwhg wr kdpshu wkh ghyhorsphqw ri qhz hfrqrplf dfwlylwlhv lq
Zdoorqld1
Eh|rqg wkh glhuhqw wuhqg lq wkhlu dyhudjh xqhpsor|phqw gxudwlrq dqg
lqflghqfh ryhu wkh 4<:604<<6 shulrg/ zh vkrz wkdw wkh f|folfdo sdwwhuq
ri xqhpsor|phqw lv yhu| vlplodu lq Iodqghuv dqg Zdoorqld1 Hyhq li
lwv lpsdfw rq dyhudjh xqhpsor|phqw gxudwlrq lv pdujlqdo/ wkh dyhudjh
txdolw| ri wkh lq rz lqfuhdvhv gxulqj uhfhvvlrqv dqg idoov lq xswxuqv lq
erwk uhjlrqv1 Wklv uhvxow vxjjhvwv wkdw hpsor|huv uh wkh prvw deoh
zrunhuv rqo| li wkh| kdyh qr dowhuqdwlyh/ l1h1 lq d uhfhvvlrq1 Ohvv deoh
zrunhuv duh pdgh uhgxqgdqw doo wkh wlph1
Qrwlfh wkdw wkh qglqjv ri Fkdswhu 5 dqg Fkdswhu 6 fdvw vhulrxv
grxew rq wkh uholdelolw| ri wkh vwxglhv zklfk dwwhpswhg wr glvhqwdq0
joh wuxh iurp vsxulrxv gxudwlrq ghshqghqfh lq Ehojlxp +vhh Vslqqhz|q
4<;5/ Sodvpdq 4<<6 dqg Pdk| 4<<7,1 Xvlqj vwurqj sdudphwulf dvvxps0
wlrqv +Zhlexoo, uhjduglqj wkh sdwwhuq ri wkh wuxh gxudwlrq ghshqghqfh/
wkh| hvwlpdwh d vljqlfdqw srvlwlyh gxudwlrq ghshqghqfh lq wkh lqglylg0
xdo h{lw udwh rxw ri xqhpsor|phqw iru Ehojlxp1 Wkhvh uhvxowv frqup
wkh lpsruwdqfh ri vshfli|lqj/ dv lw lv grqh lq rxu dqdo|vlv/ wkh vkdsh
ri wkh wuxh gxudwlrq ghshqghqfh zlwk vx!flhqw  h{lelolw|1 Ilqdoo|/ qrwh
wkdw wkh srvlwlyh gxudwlrq ghshqghqfh irxqg e| Sodvpdq +4<<6, lv qrw
lqfrqvlvwhqw zlwk wkh qglqjv ri Fkdswhu 51 Iru/ kh uhvwulfwv klv dqdo|vlv
wr |rxqj vfkrro ohdyhuv/ h{foxghg iurp rxu vwxg|1
Wkh uhvxowv ri Fkdswhu 7 lqglfdwh vljqlfdqw mre frpshwlwlrq ehwzhhq
glvplvvhg xqhpsor|hg zrunhuv lq Zdoorqld/ sduwlfxoduo| ehwzhhq zrunhuv
zlwk kljkhu hgxfdwlrq dqg wkrvh zkr mxvw frpsohwhg wkh xsshu vhfrqgdu|
vfkrro1 Dv lw lv vkrzq lq rxu vwxg|/ mre frpshwlwlrq lv wkh rqo| fdxvh
ri wkh lqfuhdvh lq wkh wudqvlwlrq udwh rxw ri xqhpsor|phqw zlwk wkh
hgxfdwlrqdo dwwdlqphqw ri wkhvh zrunhuv1 Vlqfh wkh dqdo|vlv ri Fkdswhuv
5 dqg 7 duh edvhg rq wkh vdph ghqlwlrq ri xqhpsor|phqw/z hf d q
wkhuhiruh frqfoxgh wkdw wkh kljk ghjuhh ri khwhurjhqhlw| lq wkh h{lw udwhv
irxqg lq Fkdswhu 5 lv sduwo| gulyhq e| d furzglqj rxw surfhvv1
Fdq zh/ krzhyhu/ lqihu iurp wkhvh uhvxowv wkdw mre frpshwlwlrq lv d pd0Fkdswhu 8 556
mru fdxvh ri wkh lqfuhdvlqj glvsdulw| lq wkh h{lw udwhv e| ohyho ri hgxfdwlrq
l g h q w l  h gl qF k d s w h u6 BE h v l g h vw k hi d f ww k d ww k h |f r y h udg l  h u h q ww l p h
shulrg/ wkh gdwd xvhg lq Fkdswhu 6 lqfoxgh |rxqj vfkrro ohdyhuv zkr
zhuh h{foxghg iurp wkh dqdo|vlv ri Fkdswhuv 5 dqg 71 Dv vxjjhvwhg lq
Fkdswhu 7/ wkh uhodwlyh uroh ri mre frpshwlwlrq dqg vnloo plvpdwfk zloo
eh vhqvlwlyh wr wkh dgglwlrq ri pruh w|shv ri mre vhhnhuv lq wkh dqdo|vlv1
Wkh lqfoxvlrq ri |rxqj judgxdwhv lv olnho| wr errvw wkh hvwlpdwh qxpehu
ri mre rhuv uhtxlulqj d kljk ohyho ri hgxfdwlrq/ dqg wr orzhu wkh h{whqw
ri mre frpshwlwlrq dw wkh wrs vhjphqw ri wkh oderxu pdunhw1
Vlqfh zh hvwlpdwh wkh h{whqw ri mre frpshwlwlrq dqg wkh ghpdqg ri
vnloov iru d sduwlfxodu srsxodwlrq ri mre vhhnhuv lq Fkdswhu 7/ rxu uhvxowv
duh qrw lqfrqvlvwhqw zlwk d fkdqjh lq wkh frpsrvlwlrq ri oderxu ghpdqg
eldvhg djdlqvw wkh orz vnloohg zrunhuv1 Rxu uhvxowv rqo| lqglfdwh wkdw wkh
zhdnqhvv ri mre fuhdwlrq lq Zdoorqld lqgxfhg d vwurqj mre frpshwlwlrq
surfhvv dprqj wkh glvplvvhg xqhpsor|hg zrunhuv lq wklv uhjlrq1 Lw grhv
qrw uxoh rxw wkdw hpsor|phqw jurzwk lq Zdoorqld kdv vnloo eldvhg ihd0
wxuhv dqg2ru wkdw d ghflw ri vnloohg oderxu kdyh frqwulexwhg wr kdpshu
wkh ghyhorsphqw ri qhz hfrqrplf dfwlylwlhv lq wklv uhjlrq1
816 Zkdw duh wkh lpsolfdwlrqv ri wkhvh uhvxowv
rq wkh ghvljq ri dfwlyh oderxu pdunhw srol0
flhv lq EhojlxpB
Wkh qglqjv ri Fkdswhu 5 vxjjhvw wkdw sxeolf rxwod|v wr dfwlyh oderxu
pdunhw srolflhv +DOPSv, vkrxog qrw sulpdulo| irfxv rq whpsrudu| zrun
h{shulhqfh vfkhphv zlwk olwwoh wudlqlqj frqwhqw1 Wkhvh vfkhphv duh riwhq
dlphg dw suhyhqwlqj ru frxqwhulqj wkh surfhvv ri ghprwlydwlrq dqg vnloo
ghwhulrudwlrq olnho| wr dulvh diwhu d surorqjhg xqhpsor|phqw vshoo1 Rxu
uhvxowv vkrz wkdw hyhq li lw sod|v d uroh/ wklv surfhvv lv ri olwwoh lpsru0
wdqfh wr h{sodlq wkh orz hpsor|delolw| ri wkh orqj0whup xqhpsor|hg lq
frpsdulvrq zlwk wkh lpsruwdqfh ri wkhlu lqwulqvlf vnloov +lqwhusuhwhg lq
d yhu| eurdg vhqvh,1 Jlyhq wklv gldjqrvlv/ lw lv xqolnho| wkdw whpsr0
udu| zrun surjudpv duh e| wkhpvhoyhv vx!flhqw wr xsjudgh gxudeo| wkh
hpsor|delolw| ri wkh orqj gxudwlrq xqhpsor|hg zrunhuv lq Zdoorqld1
Wkh Zdoorrq dxwkrulwlhv ghyrwh dq lpsruwdqw sduw ri wkhlu DOPSv557 Fkdswhu 8
uhvrxufhv wr whpsrudu| uhfuxlwphqw vxevlglhv lq wkh sulydwh ru sxeolf
vhfwru/ wdujhwhg dw wkh orqj0whup xqhpsor|hg zrunhuv +vhh Ghmhphssh
dqg Frfn{ 4<<;,1 Vr rxu qglqjv fdoo iru d srolf| uhirup lq Zdoorqld1 Lw
fdq krzhyhu eh dujxhg wkdw wkh plog wuxh qhjdwlyh gxudwlrq ghshqghqfh
ri wkh h{lw udwhv lq Zdoorqld lv wkh frqvhtxhqfh ri wkh fxuuhqw DOPSv lq
wklv uhjlrq1 Iru lqvwdqfh/ vxevlglhv surylghg wr hpsor|huv klulqj orqj0
whup xqhpsor|hg fdq dowhu wkhlu srvlwlrq lq wkh udqnlqj surfhvv/ dqg
pdnh wkhp djdlq dfwlyh lq wkh frpshwlwlrq iru mrev1 Hyhq li wklv zhuh vr/
rxu dqdo|vlv vxjjhvwv wkdw wkhuh lv qr uhdvrq wr vshqg ixuwkhu uhvrxufhv
wr whpsrudu| uhfuxlwphqw vxevlglhv lq Zdoorqld1
Lq Fkdswhu 6/ zh qg wkdw Iodqghuv lv fkdudfwhulvhg e| d odujhu ghjuhh
ri wuxh qhjdwlyh gxudwlrq ghshqghqfh wkdq lq Zdoorqld1 Wklv uhvxow vxj0
jhvwv wkdw wkhuh lv pruh vfrsh iru whpsrudu| uhfuxlwphqw vxevlglhv lq wkh
Iohplvk uhjlrq1 Jlyhq wkh vwurqj qhjdwlyh wuhqg lq wkh uh0hpsor|phqw
survshfwv lq Zdoorqld/ vwuxfwxudo srolflhv duh fdoohg iru wr vwlpxodwh wkh
orqj0whup hpsor|phqw jurzwk lq wklv uhjlrq1 Wkhvh duh glvfxvvhg zlwk
wkh srolf| uhfrpphqgdwlrqv ri Fkdswhu 71
Vrph dxwkruv dujxh wkdw wdujhwhg srolflhv duh xqolnho| wr eh xvhixo li
fkdqjhv lq wkh frpsrvlwlrq ri hqwudqwv sod| d plqru uroh wr h{sodlq ydul0
dwlrqv lq wkh djjuhjdwh rxw rz suredelolw|1 Lq Fkdswhu 6/ zh fkdoohqjh
wklv ylhz e| vshfli|lqj d prgho zklfk doorzv wkh h{lw udwh rxw ri xqhp0
sor|phqw wr hyroyh glhuhqwo| dfurvv vnloo jurxsv dqg surylqfhv1 Hyhq li
wkh vwuxfwxudo ghfolqh ri wkh uh0hpsor|phqw udwh lq Zdoorqld fdqqrw eh
uhodwhg wr d fkdqjh lq wkh frpsrvlwlrq ri hqwudqwv lqwr xqhpsor|phqw/
wkhuh lv d vfrsh iru DOPSv dlphg dw vshflf jurxsv ri xqhpsor|hg
zrunhuv1 Iru/ wkh klulqj survshfwv ri wkh orz hgxfdwhg xqhpsor|hg gh0
whulrudwhg pruh pdunhgo| wkdq wkrvh ri wkh kljkhvw hgxfdwhg rqhv ryhu
wkh 4<:604<<6 shulrg lq wklv uhjlrq1
Lq Fkdswhu 7/ zh qg wkdw wkhuh lv vljqlfdqw mre frpshwlwlrq dprqj
wkh glvplvvhg xqhpsor|hg zrunhuv lq Zdoorqld1 Iurp rxu uhvxowv/ rqh
frxog h{shfw wkdw wkh ylwdolw| ri hpsor|phqw jurzwk lq wkh uhfhqw |hduv
orzhuv wkh h{whqw ri mre frpshwlwlrq dprqj wkh xqhpsor|hg srsxodwlrq
lq Zdoorqld1 Wklv hyroxwlrq uhpdlqv wr eh frquphg1 Krzhyhu/ jlyhq wkh
vwuxfwxudo zhdnqhvv ri mre fuhdwlrq lq wkh Zdoorrq uhjlrq/ lw lv xqolnho|
w k d ww k hu h f h q wh f r q r p l fj u r z w kz l o oe hv x ! f l h q ww rv l j q l  f d q w o |u h g x f h
wkh lqfhqwlyhv wr mre frpshwlwlrq1 Vwuxfwxudo srolflhv duh wkhuhiruh fdoohgFkdswhu 8 558
iru wr vwlpxodwh wkh orqj0whup hpsor|phqw jurzwk1
Dprqj wkhvh srolflhv/ rqh vkrxog qrw h{foxgh hgxfdwlrq dqg wudlqlqj
surjudpphv1 Wklv vwdwhphqw fkdoohqjhv wkh w|slfdo ylhz rq wkh srolf|
lpsolfdwlrqv ri mre frpshwlwlrq1 Lw lv riwhq dujxhg wkdw vxfk srolflhv
duh lqh!flhqw zkhq mre frpshwlwlrq h{lvwv/ vlqfh wkh| zrxog rqo| uhlq0
irufh wkh mre frpshwlwlrq surfhvv dqg zdvwh ixuwkhu surgxfwlyh uhvrxufhv1
Krzhyhu/ wklv ylhz lv edvhg rq d vwdwlf olqh ri dujxphqwv1 Dffruglqj wr
vrph dxwkruv/ dq lqvx!flhqw hruw sxw lqwr hgxfdwlrq dqg wudlqlqj lq
Zdoorqld frqwulexwhg wr kdpshu wkh ghyhorsphqw ri qhz dfwlylwlhv diwhu
wkh gh0lqgxvwuldolvdwlrq vkrfn ri wkh odwh vhyhqwlhv1 Lq vxfk d frqwh{w/
wudlqlqj vfkhphv dqg lpsuryhphqwv lq wkh uhjxodu hgxfdwlrqdo v|vwhp
fdq khos wr uhgxfh wkh h{whqw ri mre frpshwlwlrq lq Zdoorqld/ dqg wkhuhe|
xqhpsor|phqw1 E| surylglqj d odujh qxpehu ri glvplvvhg zrunhuv zlwk
wkh dssursuldwh vnloov uhtxluhg e| wkh oderxu pdunhw/ wkh| fdq hqfrxudjh
wkh ghyhorsphqw ri surgxfwlyh dfwlylwlhv lq wklv uhjlrq1
Lq frpsdulvrq zlwk rxu erughulqj frxqwulhv/ wkh hruw ghyrwhg wr wudlq0
lqj lv vpdoo lq Ehojlxp1 Lq 5333/ rqo| 61:( ri wkh xqhpsor|hg zrunhuv
sduwlflsdwhg wr d wudlqlqj vfkhph lq Ehojlxp djdlqvw 81;( lq rxu eru0
ghulqj frxqwulhv +vhh FHVUZ 5334/ ss144;044<,1 Wkhvh jxuhv pdvn dq
lpsruwdqw glvsdulw| ehwzhhq wkh wzr pdlq uhjlrqv ri Ehojlxp= Lq 5333/
wkh vkduh ri xqhpsor|hg zrunhuv sduwlflsdwlqj wr d wudlqlqj vfkhph lq
Iodqghuv zdv doprvw wzlfh dv odujh wkdq lq Zdoorqld1 Vlqfh Zdoorqld lv
fkdudfwhulvhg e| d uhodwlyho| orz qxpehu ri judgxdwhv iurp wkh xsshu
vhfrqgdu| vfkrro/ lpsuryhphqwv lq wkh uhjxodu hgxfdwlrqdo v|vwhp pxvw
dovr eh hqfrxudjhg/ sduwlfxoduo| lq zkdw frqfhuqv wkh yrfdwlrqdo dqg
whfkqlfdo hgxfdwlrq1
Lq wkh uhfhqw |hduv/ wkh Ehojldq dxwkrulwlhv lqfuhdvhg wkh uhvrxufhv gh0
yrwhg wr uhgxfwlrqv ri oderxu frvwv= Lq 5334/ wkh wrwdo dprxqw ri uh0
gxfwlrqv zdv doprvw 7 wlphv kljkhu wkdq lwv ohyho lq 4<<81 Wkhvh duh
dfurvv0wkh0erdug uhgxfwlrqv/ exw wkh| dovr irfxv wkh orzhu vhjphqw ri
wkh oderxu pdunhw vlqfh orz sdlg zrunhuv ehqhw iurp odujhu uhgxfwlrqv
ri oderxu frvwv1 Wkh Zdoorrq uhjlrq frxog frpsohphqw wkhvh srolflhv
e| uhfuxlwphqw vxevlglhv zklfk frpelqh zrun h{shulhqfh dqg rq0wkh0mre
wudlqlqj1 Krzhyhu/ wkhuh lv dovr d qhhg ri vxsso|0vlgh srolf| lqvwuxphqwv/
vshflf wr wkh Zdoorrq uhjlrq1559 Fkdswhu 8
817 Zkdw duh wkh phwkrgrorjlfdo frqwulexwlrqv
dqg wkh wudfnv iru ixwxuh uhvhdufkB
Lq Fkdswhu 5/ zh vljqlfdqwo| lpsuryh wkh w ri rxu vwdwlvwlfdo prgho
lq ghsduwlqj iurp wkh csxuh* sursruwlrqdolw| dvvxpswlrq1 Zh vkrz wkdw
wkh h{whqw ri vsxulrxv qhjdwlyh gxudwlrq ghshqghqfh fdq eh xqghuhvwl0
pdwhg lq d prgho ljqrulqj wkh qrq0sursruwlrqdolw| ri wkh rxw rz udwh
lq gxudwlrq dqg wkh exvlqhvv f|foh/ l1h1 wkh udqnlqj k|srwkhvlv +iru wkh
sulph0djhg phq rqo|,1 Krzhyhu/ zh duh dzduh wkdw wkh wlph0gxudwlrq
l q w h u d f w l r ql p s o l h ge |u d q n l q jl vv s h f l  h gl qd ql p s h u i h f wz d | 1I r ul g h q 0
wlfdwlrq sxusrvhv/ zh fdqqrw doorz iru qrq0sursruwlrqdolw| zlwklq wkh
wzr vxe0shulrgv/ exw rqo| ehwzhhq wzr vxe0shulrgv1 Pruhryhu wkh wlphv0
sdq fryhuhg e| rxu gdwd lv wrr vkruw iru frqgxfwlqj d surshu vhqvlwlylw|
dqdo|vlv e| frqvlghulqj glhuhqw vxe0shulrgv1
Ixuwkhu uhvhdufk lv wkhuhiruh fdoohg iru1 Erwk d orqjhu revhuydwlrq sh0
ulrg dqg dgglwlrqdo frqwlqxrxv uhjuhvvruv frxog khos ehwwhu lghqwli|lqj
wkh lqwhudfwlrq jhqhudwhg e| udqnlqj1 Krzhyhu/ rqh vkrxog dovr eh dzduh
wkdw dvvxplqj sursruwlrqdolw| lq rwkhu frqwlqxrxv uhjuhvvruv frxog eh dv
lpshuihfw dv dvvxplqj wkh devhqfh ri wlph0gxudwlrq lqwhudfwlrq zlwklq
vxe0shulrgv1 Iru lqvwdqfh/ rxu vwxg| vxjjhvwv wkdw wkh gxudwlrq ghshq0
ghqfh/ dqg vr udqnlqj/ pd| qrw eh vlplodu dfurvv djh jurxsv1 Wkh frp0
prq dvvxpswlrq wkdw djh dhfwv wkh h{lw udwh rxw ri xqhpsor|phqw sur0
sruwlrqdoo| pd| dffruglqjo| ohdg wr lqfruuhfw frqfoxvlrqv1 Dqrwkhu urxwh
wr whvw wkh udqnlqj k|srwkhvlv lv wkh xvh ri pxowlsoh vshoov gdwd zklfk
doorz wr lghqwli| wkh glvwulexwlrq ri xqrevhuyhg khwhurjhqhlw| zlwkrxw
lpsrvlqj wkh sursruwlrqdo dvvxpswlrq1
Lq Fkdswhu 6/ zh sursrvh d frpsohwh dqg irupdo ghfrpsrvlwlrq ri
wkh yduldwlrqv lq wkh djjuhjdwh rxw rz udwh ryhu wlph/ irfxvlqj rq erwk
f|folfdo dqg vwuxfwxudo yduldwlrqv1 Lq sduwlfxodu/ qrqh ri wkh h{lvwlqj
vwxglhv ghfrpsrvh irupdoo| wkh vwuxfwxudo yduldwlrq lq wkh djjuhjdwh rxw0
 rz udwh lqwr d jhqhudo dqg d frpsrvlwlrq hhfw1 Ehvlghv/ zh fkrrvh wr
sdudphwulvh wkh wlph ghshqghqfh ri wkh glvwulexwlrq ri xqrevhuyhg fkdu0
dfwhulvwlfv e| wkh qxpehu ri hqwudqwv lqwr xqhpsor|phqw +dv lq Fkdswhu
5,1 Li yduldwlrqv lq wkh frpsrvlwlrq ri lq rz forvho| iroorz yduldwlrqv lq
wkh qxpehu ri hqwudqwv lqwr xqhpsor|phqw/ rxu vshflfdwlrq wxuqv rxw
wr eh d ehwwhu dowhuqdwlyh wkdq d qrq0sdudphwulf rqh1 Iru/ rxu sdud0Fkdswhu 8 55:
phwulf dvvxpswlrq doorzv wkh xqrevhuyhg frpsrvlwlrq hhfw wr iroorz
d wuhqg +l1h1 wkh wuhqg lq lqflghqfh,/ vhsdudwho| iurp wkh wuhqg lq wkh
jhqhudo hhfw1 Wkh sdwwhuq ri wkh revhuyhg frpsrvlwlrq hhfw frqupv
wkh sodxvlelolw| ri rxu dvvxpswlrq vlqfh zh revhuyh wkdw yduldwlrqv lq
wkh revhuyhg txdolw| ri hqwudqwv frlqflgh zlwk yduldwlrqv lq lqflghqfh/ lq
erwk wkh f|folfdo dqg wkh vwuxfwxudo glphqvlrq1
Ixuwkhu zrun lv fdoohg iru wr vwxg| wkh ehkdylrxu ri wkh suredelolw|
ri  rzlqj lqwr xqhpsor|phqw ryhu wkh odvw ghfhqqld lq wkh wzr pdlq
uhjlrqv ri Ehojlxp/ dqg wr lqyhvwljdwh zkhwkhu wklv ehkdylrxu glhuv df0
fruglqj wr wkh ohyho ri hgxfdwlrq dqg wkh surylqfh ri olylqj1 Wklv dqdo|vlv
zrxog dovr hqdeoh xv wr ghfrpsrvh yduldwlrqv lq wkh xqhpsor|phqw udwh
udwkhu wkdq lq wkh vwrfn1
Lq Fkdswhu 7/ zh hvwlpdwh wkh vwuxfwxudo irup ri wkh rxw rz udwh e|
ohyho ri hgxfdwlrq zlwkrxw uho|lqj rq d uhgxfhg irup vshflfdwlrq1 Wklv
hvwlpdwlrq dssurdfk frqgxfwv wr d ehwwhu lqwhusuhwdwlrq ri rxu sdudphwhu
hvwlpdwhv1 Lq dgglwlrq/ rxu hpslulfdo iudphzrun grhv qrw qhhg wr uho|
rq wkh uhsruwv ri hpsor|huv ru zrunhuv frqfhuqlqj wkh vnloo uhtxluhphqwv
ri d mre/ frqwudu| wr prvw ri wkh hpslulfdo uhvhdufk rq vnloo plvpdwfk
dqg mre frpshwlwlrq1 Iru/ zh hvwlpdwh gluhfwo| erwk wkh h{whqw ri mre
frpshwlwlrq dqg wkh glvwulexwlrq ri mre rhuv dffruglqj wr wkh uhtxluhg
ohyho ri hgxfdwlrq1
Krzhyhu/ wkh dydlodeoh gdwd doorz xv wr hydoxdwh wkh h{whqw ri mre
frpshwlwlrq dqg vnloo plvpdwfk rqo| iru glvplvvhg xqhpsor|hg zrun0
huv/ zklfk h{foxghv |rxqj vfkrro ohdyhuv dqg rq0wkh0mre vhdufkhuv1 Lq
sduwlfxodu/ rxu hvwlpdwlrq ri mre rhuv e| wkh uhtxluhg ohyho ri hgxfdwlrq
frqfhuqv rqo| wkrvh lqwhqghg wr wklv vhohfwlyh srsxodwlrq1 Wr hydoxdwh
wkh h{whqw ri vnloo plvpdwfk lq wkh hfrqrp| dv d zkroh/ zh vkrxog qhhg
gdwd rq doo w|shv ri mre vhhnhuv1 Wklv lv pdwhuldo iru ixwxuh uhvhdufk1
Dqrwkhu wudfn ri ixwxuh uhvhdufk lv uhodwhg wr wkh srolf| uhfrpphq0
gdwlrqv ri mre frpshwlwlrq1 Dv hpskdvlvhg deryh/ lw lv riwhq dujxhg
wkdw hgxfdwlrq dqg wudlqlqj srolflhv duh lqh!flhqw zkhq mre frpshwl0
wlrq h{lvwv1 Lq rxu wkhvlv/ zh fkdoohqjh wklv ylhz= Wudlqlqj vfkhphv dqg
lpsuryhphqwv lq wkh uhjxodu hgxfdwlrqdo v|vwhp fdq khos wr uhgxfh wkh
h{whqw ri mre frpshwlwlrq lq Zdoorqld/ dqg wkhuhe| xqhpsor|phqw/ e|
hqfrxudjlqj wkh ghyhorsphqw ri qhz surgxfwlyh dfwlylwlhv lq wklv uhjlrq1
Lq d uhfhqw olwhudwxuh/ zh fdq dovr qg dujxphqwv djdlqvw vxfk d ylhz155; Fkdswhu 8
Hyhq li hgxfdwlrq dqg wudlqlqj srolflhv fdq ohdg wr whpsrudu| vlwxdwlrqv
ri ryhuhgxfdwlrq/ hpsor|huv zloo surjuhvvlyho| dgmxvw wkh wdvnv ri wkh mrev
+dqg wkh zdjhv, dffruglqj wr wkh vnloo suroh ri wkh zrunhuv1 D qxpehu
ri uhfhqw zrunv kdyh lqghhg vkrzq wkdw wkh frpsrvlwlrq ri mrev dgmxvw
wr wkh frpsrvlwlrq ri zrunhuv lq wkh orqj uxq +vhh Dfhprjox 4<<;/ 4<<</
Ehdxgu| dqg Juhhq 4<<;/ Jdxwlhu 5334,1 Ixuwkhu uhvhdufk lv wkhuhiruh
fdoohg iru1 D surplvlqj wudfn lv wr ghyhors d wkhruhwlfdo iudphzrun lq
d g|qdplf vhwwlqj/ doorzlqj h{solflwo| iru wzr w|shv ri zrunhuv +vnloohg
dqg xqvnloohg, dqg wzr w|shv ri mrev +frpsoh{ dqg vlpsoh,1 D sduwlfxodu
lvvxh zrxog eh wkhq wr vhw wkh frqglwlrqv xqghu zklfk cryhuhgxfdwlrq*
pd| shuvlvw lq wkh orqj uxq155<
Eleolrjudsk|
^4` Deeulqj/ M1K1 dqg J1M1 ydq ghq Ehuj +5334,/ Wkh xqrevhuyhg
khwhurjhqhlw| glvwulexwlrq lq gxudwlrq dqdo|vlv/ Zrunlqj Sdshu/
Iuhh Xqlyhuvlw| Dpvwhugdp/ Dpvwhugdp1
^5` Deeulqj/ M1K1/ J1M1 ydq ghqEhuj/ dqgM1F1 ydq Rxuv +4<<:,/ Exvl0
qhvv f|fohv dqg frpsrvlwlrqdo yduldwlrq lq X1V1 xqhpsor|phqw/
Glvfxvvlrq Sdshu q￿4:35/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk/
Orqgrq1
^6` Deeulqj/ M1K1/ J1M1 ydq ghq Ehuj/ dqg M1F1 ydq Rxuv +4<<<,/
Exvlqhvv f|fohv dqg frpsrvlwlrqdo yduldwlrq lq X1V1 xqhpsor|0
phqw/ Glvfxvvlrq Sdshu Q￿<<98/ FhqwHU iru Hfrqrplf Uhvhdufk/
Wloexuj1
^7` Deeulqj/ M1K1/ J1M1 ydq ghq Ehuj/ dqg M1F1 ydq Rxuv +5334d,/
Wkh dqdwrp| ri xqhpsor|phqw g|qdplfv/ Hxurshdq Hfrqrplf
Uhylhz/ iruwkfrplqj1
^8` Deeulqj/ M1K1/ J1M1 ydq ghq Ehuj/ dqg M1F1 ydq Rxuv +5334e,/
Exvlqhvv f|fohv dqg frpsrvlwlrqdo yduldwlrq lq X1V1 xqhpsor|0
phqw/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ iruwkfrplqj1
^9` Deudprzlw}/ P1 dqg L1D1 Vwhjxq/ hgv +4<:3,/ Kdqgerrn ri pdwkh0
pdwlfdo ixqfwlrqv> zlwk irupxodv/ judskv dqg pdwkhpdwlfdo wdeohv/
Gryhu Sxeolfdwlrqv/ Qhz \run1
^:` Dfhprjox/ G1 +4<<;,/ Zk| gr qhz whfkqrorjlhv frpsohphqw vnloov
B Gluhfwhg whfkqlfdo fkdqjh dqg zdjh lqhtxdolw|/ Txduwhuo| Mrxu0
qdo ri Hfrqrplfv/ 446 +7,/ 4388043;<1563 Eleolrjudsk|
^;` Dfhprjox/ G1 +4<<<,/ Fkdqjhv lq xqhpsor|phqw dqg zdjh lq0
htxdolw|= Dq dowhuqdwlyh wkhru| dqg vrph hylghqfh/ Dphulfdq
Hfrqrplf Uhylhz/; <+ 8 , /4 5 8 < 0 4 5 : ; 1
^<` Dfhprjox/ G1 +5334,/ Kxpdq fdslwdo srolflhv dqg wkh glvwulex0
wlrq ri lqfrph= D iudphzrun iru dqdo|vlv dqg olwhudwxuh uhylhz/
Wuhdvxu| Zrunlqj Sdshu 342361
^43` Dphpl|d/ W1 +4<;4,/ Txdolwdwlyh uhvsrqvh prghov= D vxuyh|/
Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 4</ 47;6048691
^44` Dphpl|d/ W1 +4<;8,/ Dgydqfhg Hfrqrphwulfv/ Edvlo Eodfnzhoo/ R{0
irug1
^45` Dphpl|d/ W1 dqg I1 Qrog +4<:8,/ D prglhg orjlw prgho/ Uh0
ylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 8:/ 58808:1
^46` Dxwru/ G1K1/ O1I1 Ndw}/ dqg D1E1 Nuxhjhu +4<<;,/ Frpsxwlqj
lqhtxdolw| = Kdyh frpsxwhuv fkdqjhg wkh oderxu pdunhw B/ Txdu0
whuo| Mrxuqdo ri Hfrqrplfv/ 446/ 449<045461
^47` Ednhu/ P1 +4<<5,/ Xqhpsor|phqw gxudwlrq= Frpsrvlwlrqdo hi0
ihfwv dqg f|folfdo yduldelolw|/ Dphulfdq Hfrqrplf Uhylhz/; 5 /
64606541
^48` Ednhu/ P1 dqg D1 Pholqr +5333,/ Gxudwlrq ghshqghqfh dqg qrq0
sdudphwulf khwhurjhqhlw|= D Prqwh Fduor vwxg|/ Mrxuqdo ri
Hfrqrphwulfv/ <9/ 68:06<61
^49` Ehdxgu|/ S1 dqg G1 Juhhq +4<<;,/ Zkdw lv gulylqj X1V1 dqg Fdqd0
gldq zdjhv= H{rjhqrxv whfkqrorjlfdo fkdqjh ru hqgrjhqrxv fkrlfh
ri whfkqltxh/ Zrunlqj Sdshu Q￿9;86/ Qdwlrqdo Exuhdx ri Hfr0
qrplf Uhvhdufk1
^4:` Ehunvrq/ M1 +4<77,/ Dssolfdwlrq ri wkh orjlvwlf ixqfwlrq wr elr0
dvvd|/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 6</ 68:0
6981
^4;` Ehupdq/ H1/ M1 Erxqg/ dqg V1 Pdfklq +4<<;,/ Lpsolfdwlrqv ri
vnloo0eldvhg whfkqrorjlfdo fkdqjh = lqwhuqdwlrqdo hylghqfh/ Txdu0
whuo| Mrxuqdo ri Hfrqrplfv/ 446/ 4578045:<1Eleolrjudsk| 564
^4<` Elqrq/ I1/ M10E1 Fkduohv/ U1 Ghvfkdpsv/ V1 Ghodljoh/ M10F1
Mdftxhplq/ R1 Orkhvw/ P1 Pljqrohw/ K1U1 Vqhhvvhqv/ dqg E1 Ydq
ghu Olqghq +4<<;,/ Uhfkhufkh uhodwlyh dx{ idfwhxuv h{solfdwliv gh
o*ìyroxwlrq gh o*hpsorl hq Zdoorqlh hw gh od glyhujhqfh lqwhuuì0
jlrqdoh srxu od sìulrgh 4<:704<<8/ Udssruw dx Plqlvwuh zdoorq
gx Exgjhw hw Ilqdqfhv/ Hpsorl hw Irupdwlrq M10F1 Ydq Fdxzhq0
ehujkh/ LUHV +XFO, hw FUHZ +IXQGS,1
^53` Eodqfkdug/ R1M1 +4<<4,/ Zdjh edujdlqlqj dqg xqhpsor|phqw shu0
vlvwhqfh/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 56/ 5::05<51
^54` Eodqfkdug/ R1M1 dqg S1D1 Gldprqg +4<<7,/ Udqnlqj/ xqhpsor|0
phqw gxudwlrq/ dqg zdjhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 94/ 74:0
7671
^55` Ergduw/ Y1 +5333,/ Oh frpsruwhphqw f|foltxh gh o*ìfrqrplh
ehojh= 4<9304<<9/ Hwxgh vsìfldoh gx Vhuylfh g*Dqdo|vh
ìfrqrpltxh LUHV0XFO/ Pduv1
^56` Eryhu/ R1/ P1 Duhoodqr/ dqg V1 Ehqwrolod +4<<9,/ Xqhpsor|phqw
gxudwlrq/ ehqhw gxudwlrq/ dqg wkh exvlqhvv f|foh/ Hvwxglrv Hfr0
qrplfrv q￿8:/ Edqfr gh Hvsdqd 0 Vhuylflr gh Hvwxglrv1
^57` Euhxvfk/ W1V1 dqg D1U1 Sdjdq +4<;3,/ Wkh Odjudqjh pxowlsolhu
whvw dqg lwv dssolfdwlrqv wr prgho vshflfdwlrq lq hfrqrphwulfv/
Uhylhz ri Hfrqrplf Vwxglhv/ 7:/ 56<05861
^58` Eurhuvpd/ O1 dqg M1F1 ydq Rxuv +4<<;,/ Mre vhdufkhuv/ mre
pdwfkhv dqg wkh hodvwlflw| ri pdwfklqj/ Oderxu Hfrqrplfv/ 9
+4,/ ::0<61
^59` Exujhvv V1 dqg K1 Wxurq +5333,/ Xqhpsor|phqw g|qdplfv/ gxud0
wlrq dqg htxloleulxp= Hylghqfh iurp Eulwdlq/ FHSU Glvfxvvlrq
Sdshu Q￿57<3/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk/ Orqgrq1
^5:` Fdopiruv/ O1 +4<<7,/ Dfwlyh oderxu pdunhw srolf| dqg xqhpsor|0
phqw= Iudphzrun iru dqdo|vlv ri fuxfldo ghvljq ihdwxuhv/ RHFG
Hfrqrplf Vwxglhv/ 55/ :0851565 Eleolrjudsk|
^5;` Fdqghorq/ E1/ D1 Khft/ dqg R1 Orkhvw +5333,/ Oderu prelolw|
lq Ehojlxp= Dq Hpslulfdo dqdo|vlv ri wkh uhodwlrqvkls ehwzhhq
surylqfldo hpsor|phqw g|qdplfv dqg pljudwlrq/ LUHV Glvfxv0
vlrq Sdshu Q￿5333  5</ Lqvwlwxw gh Uhfkhufkhv Hfrqrpltxhv hw
Vrfldohv/ Xqlyhuvlwì Fdwkroltxh gh Orxydlq1
^5<` FHVUZ +5334,/ Udssruw vxu od vlwxdwlrq ìfrqrpltxh hw vrfldoh gh
od Zdoorqlh/ Frqvhlo Hfrqrpltxh hw Vrfldo gh od Uìjlrq Zdoorqqh/
Gìfhpeuh 53341
^63` Fkrz/ J1F1 +4<;8,/ Hfrqrphwulfv/ Pf Judz0Kloo1
^64` Frfn{/ E1 +4<<:,/ Dqdo|vlv ri wudqvlwlrq gdwd e| wkh Plqlpxp
Fkl0Vtxduh phwkrg= Dq dssolfdwlrq wr zhoiduh vshoov lq Ehojlxp/
Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/: <+ 6 , /6 < 5 0 7 3 8 1
^65` Frfn{/ E1 dqg J1 Ulgghu +5334,/ Vrfldo Hpsor|phqw ri Zhoiduh
Uhflslhqwv lq Ehojlxp= Dq Hydoxdwlrq/ Wkh Hfrqrplf Mrxuqdo/
444/ 40641
^66` Frohv/ P1 dqg H1 Vplwk +4<<;,/ Pdunhwsodfhv dqg pdwfklqj/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6</ 56<05871
^67` G*Dgglr/ D1F1 +4<<;,/ Xqhpsor|phqw gxudwlrqv ri Iuhqfk
|rxqj shrsoh/ Glvfxvvlrq Sdshu q￿<;54/ Lqvwlwxw gh Uhfkhufkhv
Hfrqrpltxhv hw Vrfldohv/ Xqlyhuvlwì Fdwkroltxh gh Orxydlq1
^68` Gdo/ O1 dqg M1P1 Gxslhuuhx{ +4<<9,/ Dqdo|vh ghvfulswlyh hw prg0
ìolvdwlrq gh o*hqvhljqhphqw vxsìulhxu qrq xqlyhuvlwdluh gh od Frp0
pxqdxwì iudqêdlvh gh Ehojltxh/ Udssruw ã od Gluhfwlrq Jìqìudoh gh
o*Hqvhljqhphqw vxsìulhxu gh od Uhfkhufkh Vflhqwltxh gh od Frp0
pxqdxwì iudqêdlvh gh Ehojltxh/ XFO/ Orxydlq0od0Qhxyh hw XOE/
Eux{hoohv1
^69` Gdue|/ P1U1/ M1 Kdowlzdqjhu/ dqg P1 Sodqw +4<;8,/ Xqhpsor|0
phqw udwh g|qdplfv dqg shuvlvwhqw xqhpsor|phqw xqghu udwlrqdo
h{shfwdwlrqv/ Dphulfdq Hfrqrplf Uhylhz/ :8/ 947096:1
^6:` Gdyhul/ I1 dqg J1 Wdehoolql +4<<:,/ Xqhpsor|phqw/ jurzwk dqg
wd{dwlrq lq lqgxvwuldo frxqwulhv/ Fhqwuh iru Hfrqrplf Srolf| Uh0
vhdufk Glvfxvvlrq Sdshu Q￿49;/ Xqlyhuvlw| ri Euhvfld1Eleolrjudsk| 566
^6;` Ghmhphssh/ P1 dqg E1 Frfn{ +4<<;,/ Od frqfhswlrq ghv srolwltxhv
hq idyhxu gh o*hpsorl1 O*lpsruwdqfh g*xq gldjqrvwlf ghv fdxvhv gx
fk÷pdjh vwuxfwxuho/ gdqv FLIRS +hg1,/ Wuhl}lëph Frqjuëv ghv
Hfrqrplvwhv ehojhv gh Odqjxh iudqêdlvh ã Fkduohurl/ Frpplvvlrq
7/ Fkduohurl = Fhqwuh lqwhuxqlyhuvlwdluh gh Irupdwlrq shupdqhqwh/
4::05341
^6<` Ghqroi/ O1/ M1 Ghq|v/ dqg S1 Vlprhqv +4<<<,/ Ohv hqwuhsulvhv hw oh
uhfuxwhphqw hq Ehojltxh hq 4<<;/ KLYD/ Ndwkrolhnh Xqlyhuvlwhlw
Ohxyhq1
^73` Gh Wrogl/ P1/ F1 Jrxulìurx{/ dqg D1 Prqiruw +4<<5,/ Rq vhdvrqdo
hhfwv lq gxudwlrq prghov/ Zrunlqj Sdshu/ Fuhvw/ Sdulv1
^74` Grodgr/ M1M1/ I1 Ihojxhurvr/ dqg M1I1 Mlphqr +5333,/ \rxwk oderxu
pdunhwv lq Vsdlq= Hgxfdwlrq/ wudlqlqj dqg furzglqj rxw/ Hxur0
shdq Hfrqrplf Uhylhz/ 77/ <760<891
^75` Guë}h/ M1K1 +4<<:,/ Zdoudv0Nh|qhv htxloleuld/ frruglqdwlrq dqg
pdfurhfrqrplfv/ Hxurshdq Hfrqrplf Uhylhz/ 74/ </ 4:6804:951
^76` Guë}h/ M1K1 dqg K1U1 Vqhhvvhqv +4<<:,/ Whfkqrorjlfdo ghyhors0
phqw/ frpshwlwlrq iurp orz0zdjh hfrqrplhv dqg orz0vnloohg xq0
hpsor|phqw/ lq Vqrzhu dqg gh od Ghkhvd/ ss1:804391
^77` G|qduvnl/ P1 dqg V1P1 Vkhulq +4<<3,/ Wkh ehkdylru ri xqhp0
sor|phqw gxudwlrqv ryhu wkh f|foh/ Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv/ :5/ 68306891
^78` Hoehuv/ F1 dqg J1 Ulgghu +4<;5,/ Wuxh dqg vsxulrxv gxudwlrq
ghshqghqfh= Wkh lghqwldelolw| ri wkh sursruwlrqdo kd}dug prgho/
Uhylhz ri Hfrqrplf Vwxglhv/ 7</ 73607431
^79` Iolqq/ F1M1 dqg M1M1 Khfnpdq +4<;5,/ Prghov iru wkh dqdo|vlv
ri oderu irufh g|qdplfv/ lq Edvpdqq/ U1 dqg J1 Ukrghv +hgv1,/
Dgydqfhv lq Hfrqrphwulfv/ 4/ 680<81
^7:` IRUHP +4<<8,/ Hqtxíwh vxu ohv vruwlhv g*lqvfulswlrq ghv ghpdq0
ghxuv g*hpsorl/ Vhuylfh Hwxghv hw Vwdwlvwltxh/ IRUHP1567 Eleolrjudsk|
^7;` Irujhrw/ J1 hw M1 Jdxwlhu +4<<:,/ Lqvhuwlrq surihvvlrqqhooh ghv mh0
xqhv hw surfhvvxv gh gìfodvvhphqw/ Hfrqrplh hw Vwdwlvwltxh/6 3 7 0
638/ 4<<:0728/ 860:71
^7<` Jdxwlhu/ S1D1 +5334,/ Vhdufk h{whuqdolwlhv lq d prgho zlwk khw0
hurjhqhrxv mrev dqg zrunhuv/ Hfrqrplfd/ iruwkfrplqj1
^83` Jdxwlhu/ S1D1/ J1M1 ydq ghq Ehuj/ F1 ydq Rxuv/ dqg J1 Ulgghu
+5334,/ Zrunhu wxuqryhu dw wkh up ohyho dqg furzglqj0rxw ri
orzhu hgxfdwhg zrunhuv/ Hxurshdq Hfrqrplf Uhylhz/ iruwkfrp0
lqj1
^84` Jrgiuh|/ O1J1 +4<:;,/ Whvwlqj djdlqvw jhqhudo dxwruhjuhvvlyh dqg
prylqj dyhudjh huuru prghov zkhq wkh uhjuhvvruv lqfoxgh odjjhg
ghshqghqw yduldeohv/ Hfrqrphwulfd/ 79/ 45<6046351
^85` Jrxulhurx{/ F1 dqg D1 Prqiruw +4<<8,/ Vwdwlvwlfv dqg Hfrqrphwulf
Prghov/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1
^86` Juhhq/ I1/ V1 PfLqwrvk/ dqg D1 Yljqrohv +4<<<,/ cRyhuhgxfdwlrq*
dqg vnloov 0 Foduli|lqj wkh frqfhswv/ Fhqwuh iru Hfrqrplf Shuiru0
pdqfh/ Orqgrq Vfkrro ri Hfrqrplfv dqg Srolwlfdo Vflhqfh1
^87` Juhjj/ S1 dqg E1 Shwurqjror +4<<:,/ Udqgrp ru qrq0udqgrp
pdwfklqjB Lpsolfdwlrqv iru wkh xvh ri wkh XY fxuyh dv d phdvxuh
ri pdwfklqj hhfwlyhqhvv/ Lqvwlwxwh iru Hfrqrplfv dqg Vwdwlvwlfv
Glvfxvvlrq Sdshu Q￿46/ R{irug1
^88` Jxujdqg/ P1 +4<<<,/ Vfkrrolqj dqg xqhpsor|phqw= Lv wkhuh
mre0frpshwlwlrq rq wkh Iuhqfk oderu pdunhwB/ plphr/ Fhqwuh
g*ìwxghv srxu o*hpsorl dqg FUHVW/ Sdulv/ Iudqfh1
^89` Kduwrj/ M1 +5333,/ Ryhu0hgxfdwlrq dqg hduqlqjv = zkhuh duh zh/
zkhuh vkrxog zh jrB/ Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 4</ 4640
47:1
^8:` Kdvnho/ M1 dqg U1 Mdfnpdq +4<;;,/ Orqj0whup xqhpsor|phqw lq
Eulwdlq dqg wkh hhfw ri wkh Frppxqlw| Surjudpph/ R{irug Exo0
ohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 83/ 6:<073;1Eleolrjudsk| 568
^8;` Khfnpdq/ M1M1 dqg E1 Vlqjhu +4<;7,/ D phwkrg iru plqlpl}lqj
wkh lpsdfw ri glvwulexwlrqdo dvvxpswlrqv lq hfrqrphwulf prghov
iru gxudwlrq gdwd/ Hfrqrphwulfd/ 85/ 5:406531
^8<` Khuqdhv/ H1 dqg V1 Vwurp +4<<9,/ Khwhurjhqhlw| dqg xqhpsor|0
phqw gxudwlrq/ Oderxu/ 43/ 59<05<91
^93` Krho/ S1J1 +4<:4,/ Lqwurgxfwlrq wr pdwkhpdwlfdo vwdwlvwlfv/ Irxuwk
hglwlrq1 Qhz \run= Zloh|1
^94` Lpehqv/ J1Z1 dqg O1P1 O|qfk +4<<6,/ Uh0hpsor|phqw suredelo0
lwlhv ryhu wkh exvlqhvv f|foh/ QEHU Zrunlqj Sdshu/ 78;81
^95` Mdfnpdq U1/ U1 Od|dug/ dqg F1 Slvvdulghv +4<;<,/ Rq ydfdqflhv/
R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 7/ 6::06<71
^96` Mdfnpdq/ U1/ U1 Od|dug/ dqg V1 Vdyrxul +4<<3,/ Oderu0pdunhw
plvpdwfk = D iudphzrun ru wkrxjkw/ lq Sdgrd0Vfklrssd/ I1 hg1/
Plvpdwfk dqg Oderu Prelolw|/ Fdpeulgjh Xqlyhuvlw| Suhvv1
^97` Mdfnpdq/ U1 dqg V1 Urshu +4<;:,/ Vwuxfwxudo xqhpsor|phqw/
R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 7</ <06:1
^98` Ndozlm/ D1 V1 +5334,/ Lqglylgxdov* Xqhpsor|phqw Gxudwlrqv ryhu
wkh Exvlqhvv F|foh/ L]D Glvfxvvlrq Sdshu Q￿69</ Lqvwlwxwh iru
wkh Vwxg| ri Oderu/ Erqq/ Jhupdq|1
^99` Nhufnkrv/ F1/ F1 gh Qhxerxuj/ dqg I1 Sdop +4<<7,/ Wkh ghwhu0
plqdqwv ri xqhpsor|phqw dqg mrevhdufk lq wkh Qhwkhuodqgv/ Gh
Hfrqrplvw/4 7 5 /4 /5 4 0 7 5 1
^9:` Nuhglhwedqn +4<<:,/ Od frqmrqfwxuh jxhwwh o*ìyroxwlrq fkh} qrv
sduwhqdluhv frpphufldx{/ Exoohwlq Khegrpdwdluh Nuhglhwedqn/
85ëph dqqìh/ q￿4<1
^9;` Odqfdvwhu/ W1 +4<:<,/ Hfrqrphwulf phwkrgv iru wkh gxudwlrq ri
xqhpsor|phqw/ Hfrqrphwulfd/ 7:/ <6<0<891
^9<` Odqfdvwhu/ W1 +4<<3,/ Wkh hfrqrphwulf dqdo|vlv ri wudqvlwlrq gdwd/
Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1569 Eleolrjudsk|
^:3` Od|dug/ U1/ V1M1 Qlfnhoo/ dqg U1 Mdfnpdq +4<<4,/ Xqhpsor|phqw/
R{irug Xqlyhuvlw| Suhvv/ R{irug1
^:4` Oherq/ L1 +4<<6,/ Fulwëuhv g*hpedxfkh ghv uphv hw hpsor|delo0
lwì ghv fk÷phxuv gh orqjxh gxuìh/ Fdklhuv gh Uhfkhufkh Hfr )
Pdwkv/ Xqlyhuvlwì gh Sdulv L1
^:5` Ohurx{/ E1J1 +4<<5,/ Frqvlvwhqw hvwlpdwlrq ri d pl{lqj glvwulex0
wlrq/ Wkh Dqqdov ri Vwdwlvwlfv/ 53/ 4683046931
^:6` Orfnzrrg/ E1 +4<<4,/ Lqirupdwlrq h{whuqdolwlhv lq wkh oderxu pdu0
nhw dqg wkh gxudwlrq ri xqhpsor|phqw/ Uhylhz ri Hfrqrplf Vwxg0
lhv/ 8;/ :660:861
^:7` Pdfklq/ V1 dqg D1 Pdqqlqj +4<<<,/ Wkh fdxvhv dqg frqvhtxhqfhv
ri orqj0whup xqhpsor|phqw lq Hxursh/ Wkh Kdqgerrn ri Oderu
Hfrqrplfv/ Yroxph 6F/ 63;80664<1
^:8` Pdfklq/ V1 dqg M1 Ydq Uhhqhq +4<<;,/ Whfkqrorj| dqg fkdqjhv lq
vnloo vwuxfwxuh = Hylghqfh iurp vhyhq RHFG frxqwulhv/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 446/ 4548045771
^:9` Pdk|/ P1 +4<<7,/ Srolwltxhv hw uhfkhufkh g*hpsorl= ìydoxdwlrq pl0
furìfrqrpìwultxh/ Uh hwv hw Shuvshfwlyhv gh od Ylh Hfrqrpltxh/
66/ q￿425/ ;:04351
^::` Pdqdfrugd / P1 dqg E1 Shwurqjror +4<<<,/ Vnloo plvpdwfk dqg
xqhpsor|phqw lq RHFG frxqwulhv/ Hfrqrplfd/ 99/ 4;4053:1
^:;` PfFruplfn/ E1 +4<<3,/ D wkhru| ri vljqdoolqj gxulqj mre vhdufk/
hpsor|phqw h!flhqf| dqg vwljpdwlvhg mrev/ Uhylhz ri Hfr0
qrplf Vwxglhv/ 8:/ 5<<06461
^:<` Phu}/ P1 +4<<<,/ Wlph vhulhv hylghqfh ri xqhpsor|phqw  rzv=
Wkh vdpsoh shulrg pdwwhuv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf
Vwdwlvwlfv/ 4:/ 6/ 65706671
^;3` Pljqrohw/ P1 hw O1 Ylhvohw +5333,/ Ohv glvsdulwìv lqwhuuìjlrqdohv/
gdqv Txh qrxv hvw0lo duulyìB Xq ghpl0vlëfoh g*ìyroxwlrq gh
o*ìfrqrplh ehojh/ Uh hwv hw Shuvshfwlyhv gh od ylh ìfrqrpltxh/G h
Erhfn Xqlyhuvlwì1Eleolrjudsk| 56:
^;4` Pruwhqvhq/ G1W1 dqg F1D1 Slvvdulghv +4<<<,/ Mre uhdoorfdwlrq/ hp0
sor|phqw  xfwxdwlrqv dqg xqhpsor|phqw/ Kdqgerrn ri Pdfurh0
frqrplfv/ M1 Wd|oru dqg P1 Zrrgirug +hgv1,/ Dpvwhugdp= Qruwk0
Kroodqg1
^;5` Qlfnhoo/ V1 +4<:<,/ Hvwlpdwlqj wkh suredelolw| ri ohdylqj xqhp0
sor|phqw/ Hfrqrphwulfd/ 7:/ 457<045991
^;6` RHFG +4<<:d,/ Hgxfdwlrq dw wkh Jodqfh/ RHFG/ Sdulv1
^;7` RHFG +4<<:e,/ Wkh sxeolf hpsor|phqw vhuylfh= Ehojlxp1 RHFG/
Sdulv1
^;8` RQHp +4<<5,/ Udssruw dqqxho1
^;9` Shwurqjror/ E1 dqg F1D1 Slvvdulghv +5334,/ Orrnlqj lqwr wkh eodfn
er{= D vxuyh| ri wkh pdwfklqj ixqfwlrq/ Mrxuqdo ri Hfrqrplf
Olwhudwxuh/ Iruwkfrplqj1
^;:` Slvvdulghv/ F1 +5333,/ Htxloleulxp xqhpsor|phqw wkhru|1P L W
Suhvv/ Fdpeulgjh +PD,1
^;;` Sodvpdq/ U1 +4<<6,/ H!fdflwì ghv Surjudpphv Sxeolfv g*Hpsorl/
Froortxh gh o*D1H1D1 vxu o*Hydoxdwlrq ghv Srolwltxhv g*Hpsorl/
Sdulv1
^;<` Ulgghu/ J1 +4<<3,/ Wkh qrq0sdudphwulf lghqwlfdwlrq ri jhqhu0
dol}hg dffhohudwhg idloxuh0wlph prghov/ Wkh Uhylhz ri Hfrqrplf
Vwxglhv/ 8:/ 49:04;41
^<3` Urvkrop/ P1 +5334,/ F|folfdo yduldwlrqv lq xqhpsor|phqw gxud0
wlrq/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 47/ 4:604<41
^<4` Vdodqw/ V1Z1 +4<::,/ Vhdufk wkhru| dqg gxudwlrq gdwd = D wkhru|
ri vruwv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <4/ 6<08:1
^<5` Vfkzdu}/ J1 +4<:;,/ Hvwlpdwlqj wkh glphqvlrq ri d sureohp/
Dqq1 Vdwlvwl1/ 9/ 79407971
^<6` Vkdgpdq0Phkwd/ I1 dqg K1U1 Vqhhvvhqv +4<<;,/ Ghpdqg0vxsso|
lqwhudfwlrqv dqg xqhpsor|phqw g|qdplfv= Fdq wkhuh eh sdwk gh0
shqghqf|B Wkh fdvh ri Ehojlxp/ 4<8804<<7/ LUHV Glvfxvvlrq56; Eleolrjudsk|
Sdshu Q￿<;4:/ Lqvwlwxw gh Uhfkhufkhv Hfrqrpltxhv hw Vrfldohv/
Xqlyhuvlwì fdwkroltxh gh Orxydlq1
^<7` Vlghu/ K1 +4<;8,/ Xqhpsor|phqw gxudwlrq dqg lqflghqfh= 4<9;0
;5/ Dphulfdq Hfrqrplf Uhylhz/ :8/ 79407:51
^<8` Vqhhvvhqv/ K1U1/ U1 Qlfrolql/ hw I1 Vkdgpdq0Phwkd +4<<<,/ Lqqr0
ydwlrq hw fk÷pdjh hq uìjlrq zdoorqqh= dvshfwv ìfrqrpltxhv/ gdqv
Ghv lgìhv hw ghv krpphv = srxu frqvwuxluh o*dyhqlu gh od Zdoorqlh
hw gh Eux{hoohv/ Dfdghpld0Eux|odqw1
^<9` Vqhhvvhqv/ K1U1 dqg Vkdgpdq0Phkwd I1 +4<<8,/ Uhdo zdjh/ vnloo
plvpdwfk dqg xqhpsor|phqw shuvlvwhqfh/ Iudqfh/ 4<950;</ Dq0
qdohv g*Hfrqrplh hw gh Vwdwlvwltxh/ 6:26;/ 58805<61
^<:` Vqhhvvhqv/ K1U1 dqg Vkdgpdq0Phkwd I1 +5333,/ Hpsorl hw fk÷0
pdjh/ gdqv Txh qrxv hvw0lo duulyìB Xq ghpl0vlëfoh g*ìyroxwlrq
gh o*ìfrqrplh ehojh/ Uh hwv hw Shuvshfwlyhv gh od ylh ìfrqrpltxh/
Gh Erhfn Xqlyhuvlwì1
^<;` Vslqqhz|q/ I1 +4<;5,/ Gh vwdwlvwlvfkh dqdo|vh ydq jhjhyhqv lq
yhuedqg phw gh zhunorrvkhlg/ plphr/ Fhqwuxp yrru Hfrqrplv0
fkh Vwxglhq/ Ndwkrolhnh Xqlyhuvlwhlw Ohxyhq1
^<<` Vwhlqhu/ Y1 +5334,/ Xqhpsor|phqw shuvlvwhqfh lq wkh Zhvw Jhu0
pdq oderxu pdunhw= Qhjdwlyh gxudwlrq ghshqghqfh ru vruwlqjB/
R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 96 +4,/ <404461
^433` Whxolqjv/ F1Q1 dqg S1D1 Jdxwlhu +5333,/ Wkh uljkw pdq iru wkh
mre1 Lqfuhdvlqj uhwxuqv lq vhdufkB/ plphr/ Hudvpxv Xqlyhuvlw|
Urwwhugdp dqg Wlqehujhq Lqvwlwxwh Dpvwhugdp1
^434` Wrxohprqgh/ H1 +5333,/ cDfwxdo* yhuvxv cyluwxdo* hpsor|phqw lq
Ehojlxp/ plphr/ Xqlyhuvlw| ri Qdpxu1
^435` ydq ghq Ehuj/ J1M1 +4<<3,/ Qrqvwdwlrqdulw| lq mre vhdufk wkhru|/
Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ 58805::1
^436` ydq ghq Ehuj/ J1M1 +5334,/ Gxudwlrq prghov= Vshflfdwlrq/
lghqwlfdwlrq/ dqg pxowlsoh gxudwlrqv/ iruwkfrplqj lq Khfnpdq/Eleolrjudsk| 56<
Mdphv M1 dqg Hgzdug Ohdphu +hgv1,/ Wkh Kdqgerrn ri Hfrqrphw0
ulfv/ Yroxph Y/ Dpvwhugdp= Qruwk Kroodqg1
^437` ydq ghq Ehuj/ J1M1/ D1 Jlmvehuw/ F1 ydq Orpzho/ dqg M1F1 ydq
Rxuv +4<<;,/ Xqhpsor|phqw g|qdplfv dqg djh/ Glvfxvvlrq Sd0
shu q￿<;<:/ Fhqwhu iru Hfrqrplf Uhvhdufk1
^438` ydq ghq Ehuj/ J1M1 dqg E1 ydq ghu Noddxz +5334,/ Frpelqlqj pl0
fur dqg pdfur xqhpsor|phqw gxudwlrq gdwd/ Mrxuqdo ri Hfrqr0
phwulfv/ 435/ 5:4063<1
^439` ydq ghq Ehuj/ J1M1 dqg M1F1 ydq Rxuv +4<<7,/ Xqhpsor|phqw
g|qdplfv dqg gxudwlrq ghshqghqfh lq Iudqfh/ Wkh Qhwkhuodqgv
dqg Wkh Xqlwhg Nlqjgrp/ Wkh Hfrqrplf Mrxuqdo/ 437/ 76507761
^43:` ydq ghq Ehuj/ J1M1 dqg M1F1 ydq Rxuv +4<<9,/ Xqhpsor|phqw
g|qdplfv dqg gxudwlrq ghshqghqfh/ Mrxuqdo ri Oderu Hfrqrplfv/
47/ 43304581
^43;` ydq ghq Ehuj/ J1M1 dqg M1F1 ydq Rxuv +4<<<,/ Gxudwlrq gh0
shqghqfh dqg khwhurjhqhlw| lq Iuhqfk |rxwk xqhpsor|phqw gx0
udwlrq/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 45/ 5:605;81
^43<` Ydq Kdhshuhq/ E1 +5333,/ Iruphv g*hpsorl hw  h{lelolwì gx
pdufkì gx wudydlo= Hyroxwlrqv uìfhqwhv hq Ehojltxh/ Hwxgh vsì0
fldoh gx Vhuylfh g*Dqdo|vh Hfrqrpltxh LUHV0XFO/ Mxlq/ Orxydlq0
od0Qhxyh = LUHV/ Xqlyhuvlwì fdwkroltxh gh Orxydlq/ 44:04691
^443` Ydq Krri/ N1 +4<<9,/ Lv hu yhugulqjlqj rs gh Yoddpvh duehlgv0
pdunw B/ Vwhxqsxqw ZDY/ Qlhxzveulhi 61
^444` ydq Rxuv/ M1F1 dqg J1 Ulgghu +4<<8,/ Mre pdwfklqj dqg mre frp0
shwlwlrq= Duh wkh orzhu hgxfdwhg dw wkh edfn ri wkh mre txhxhvB/
Hxurshdq Hfrqrplf Uhylhz/ 6</ 4:4:04:641